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Ôóíêö³îíàëüíå çíà÷åííÿ
àëåëüíîãî ïîë³ìîðô³çìó ãåí³â,
ùî êîäóþòü êàòàë³òè÷í³ ñóáîäèíèö³ ³ìóíîïðîòåàñîìè

Ïðåäñòàâëåíû ðåçóëüòàòû îïðåäåëåíèÿ àêòèâíîñòè ïðîòåàñîìû â èçîëèðîâàííûõ ìîíîöèòàõ
ëþäåé ñ ðàçëè÷íûìè àëëåëüíûìè âàðèàíòàìè ãåíîâ, êîäèðóþùèõ áîëüøèå ìóëüòèôóíê-
öèîíàëüíûå ïðîòåàçû LMP2 (Arg

60
His ïîëèìîðôèçì) è LMP7 (Lys

145
Gln ïîëèìîðôèçì).

Óñòàíîâëåíî, ÷òî òðèïñèíîïîäîáíàÿ àêòèâíîñòü ïðîòåàñîìû ïðè ãåíîòèïå Arg/Arg â 1,6
ðàça (P=0,19) âûøå, ÷åì ïðè ãåíîòèïå His/His, è â 2,0 ðàçà (Ð=0,03) ìåíüøå ïî ñðàâíåíèþ ñ
ãåòåðîçèãîòàìè (Arg/His). Íàèáîëüøàÿ õèìîòðèïñèíîïîäîáíàÿ àêòèâíîñòü ïðîòåàñîìû
íàáëþäàëàñü ó ãåòåðîçèãîò (íà 29,7 % âûøå, ÷åì ïðè ãåíîòèïå Arg/Arg, Ð=0,43), à íàèìåíüøàÿ �
ó ãîìîçèãîò His/His (íà 29,7 % ìåíüøå ïî ñðàâíåíèþ ñ ãåíîòèïîì Arg/Arg, Ð=0,40). Ïðè
îïðåäåëåíèè óðîâíÿ ýêñïðåññèè ÐÍÊ LMP2 è LMP7 â èçîëèðîâàííûõ ìîíîöèòàõ ñ ïîìîùüþ
îáðàòíîé òðàíñêðèïöèè è ïîëèìåðàçíîé öåïíîé ðåàêöèè óñòàíîâëåíî, ÷òî ñóùåñòâåííûõ
îòëè÷èé â àêòèâíîñòè ýêñïðåñèè ãåíîâ óêàçàííûõ ñóáúåäèíèö èììóíîïðîòåàñîìû ó ëèö ñ
ðàçëè÷íûì ãåíîòèïîì íå íàáëþäàåòñÿ. Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î âëèÿíèè
àëëåëüíîãî ïîëèìîðôèçìà ãåíà LMP2 íà ïåïòèäàçíóþ àêòèâíîñòü èììóíîïðîòåàñîìû.

ÂÑÒÓÏ

Ïðåçåíòàö³ÿ àíòèãåí³â ó ñêëàä³ á³ëê³â ãîëîâ-
íîãî êîìïëåêñó ã³ñòîñóì³ñíîñò³ ïåðøîãî
êëàñó çàáåçïå÷óºòüñÿ òàê çâàíîþ ³ìóíîïðî-
òåàñîìîþ, ùî óòâîðþºòüñÿ ïðè γ-³íòåðôå-
ðîí³íäóêîâàí³é çàì³í³ òðüîõ êîíñòèòóö³éíèõ
êàòàë³òè÷íèõ ñóáîäèíèöü (β

1
, β

5
 òà β

2
) ó

âíóòð³øíüîìó ê³ëüö³ ïðîòåàñîìè íà òðè
³íäóöèáåëüí³ ñóáîäèíèö³ � âåëèê³ ìóëüòè-
ôóíêö³îíàëüí³ ïðîòå¿íàçè (LMP2, LMP7 ³
LMP10 â³äïîâ³äíî) [1, 2, 5�8 ]. Ó ðåçóëüòàò³
ö³º¿ ñóáñòèòóö³¿ çì³íþºòüñÿ ã³äðîë³òè÷íà
àêòèâí³ñòü ïðîòåàñîìè: çðîñòàº òðèïñèíî-
ïîä³áíà (çàáåçïå÷óºòüñÿ β

2
 àáî LMP10) ³

õ³ìîòðèïñèíîïîä³áíà (çàáåçïå÷óºòüñÿ β
5

àáî LMP7) òà çìåíøóºòüñÿ ïåïòèäèëãëþ-
òàì³ëïåïòèäã³äðîëàçíà (çàáåçïå÷óºòüñÿ β

1

àáî LMP2) [5, 7]. Çà ðàõóíîê öüîãî ï³äâè-
ùóºòüñÿ åôåêòèâí³ñòü ïðîäóêö³¿ ³ìóíîãåí-
íèõ ïåïòèä³â [8]. Ó ãåíàõ, ùî êîäóþòü

LMP2 òà  LMP7,  îïèñàíî ïîë³ìîðô³çì
ïîîäèíîêèõ íóêëåîòèä³â (SNP) � Arg

60
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³ Lys
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Gln â³äïîâ³äíî [9, 16, 22]. Òðè-
âàþòü ïîøóêè àñîö³àö³¿ ì³æ ãåíåòè÷íèìè
âàð³àíòàìè öèõ ãåí³â ³ éìîâ³ðí³ñòþ ðîçâèòêó
ïåâíèõ çàõâîðþâàíü [3, 4, 13, 15, 21]. Çîê-
ðåìà âñòàíîâëåíî, ùî ìåíø ðîçïîâñþä-
æåíèé àëåëüíèé âàð³àíò ãåíà LMP2 çíà÷íî
÷àñò³øå çóñòð³÷àºòüñÿ ó ïàö³ºíò³â ç äåÿêèìè
àóòî³ìóííèìè çàõâîðþâàííÿìè [3, 15].
Ïðîòå äîñ³ íåâ³äîìî, ÷è âïëèâàþòü çàì³íè
ïîîäèíîêèõ íóêëåîòèä³â ó LMP íà ôóíêö³î-
íàëüíó àêòèâí³ñòü ³ìóíîïðîòåàñîìè àáî
åêñïðåñ³þ â³äïîâ³äíèõ ãåí³â. Áóëî ïîêàçàíî
çâ�ÿçîê ì³æ Arg

60
His  ïîë³ìîðô³çìîì

LMP2 ³ ÷óòëèâ³ñòþ ìîíîöèò³â äî TNFa-
³íäóêîâàíîãî àïîïòîçó [17]. Íàäàë³ ö³ àâòî-
ðè âñòàíîâèëè ôàêò åêñïðåñ³¿ ñóáîäèíèöü
³ìóíîïðîòåàñîìè â  êë³òèíàõ ìîçêó òà
ïîêàçàëè, ùî àêòèâí³ñòü ïðîòåàñîìè â
òêàíèíàõ ìîçêó âèùà ïðè ãåíîòèï³ Arg/Arg
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ïîð³âíÿíî ç  Arg/ /His  [18].  Âèçíà÷èòè
àêòèâí³ñòü ïðîòåàñîìè ó îñ³á ç ãåíîòèïîì
His/His  äîñë³äíèêàì íå âäàëîñÿ ÷åðåç
íèçüêó ÷àñòîòó àëåëþ His â ³òàë³éñüê³é
ïîïóëÿö³¿. Êð³ì òîãî, ñë³ä çàóâàæèòè, ùî
âèì³ðþâàòè àêòèâí³ñòü ³ìóíîïðîòåàñîìè â
òêàíèíàõ, â ÿêèõ îñíîâíèé âíåñîê ó ïðîòåà-
ñîìàëüíó àêòèâí³ñòü ðîáèòü êîíñòèòóö³éíà
ôîðìà öüîãî ïðîòå¿íàçíîãî êîìïëåêñó, íå
äîñèòü êîðåêòíî. ª êë³òèíè (ìîíîöèòè,
ë³ìôîöèòè, ñïëåíîöèòè òîùî), ÿê³ çà íîð-
ìàëüíèõ óìîâ åêñïðåñóþòü ïåðåâàæíî
³ìóíîïðîòåàñîìó [14, 19]. Òîìó àäåêâàòí³
äàí³ ïðî âïëèâ ïîë³ìîðô³çìó ñóáîäèíèöü
³ìóíîïðîòåàñîìè íà ¿¿ àêòèâí³ñòü ìîæíà
îòðèìàòè, âèçíà÷àþ÷è ïåïòèäàçíó àêòèâ-
í³ñòü öüîãî ìàêðîìîëåêóëÿðíîãî êîìïëåêñó
ñàìå â òàêèõ êë³òèíàõ.

Ìåòà íàøî¿ ðîáîòè � äîñë³äèòè àêòèâ-
í³ñòü åêñïðåñ³¿ ãåí³â, ùî êîäóþòü êàòàë³-
òè÷í³ ñóáîäèíèö³ ³ìóíîïðîòåàñîìè, òà àê-
òèâí³ñòü ïðîòåàñîìè â ³çîëüîâàíèõ ìîíî-
öèòàõ îñ³á, ÿêèõ áóëî ãåíîòèïîâàíî çà LMP2
³ LMP7.

ÌÅÒÎÄÈÊÀ

Ìàòåð³àëîì äîñë³äæåííÿ áóëà âåíîçíà êðîâ
30 ï³äë³òê³â, õâîðèõ íà àðòåð³àëüíó ã³ïåð-
òåíç³þ, ùî ïðîõîäèëè ë³êóâàííÿ â êë³í³ö³
êàôåäðè ïåä³àòð³¿ ¹4 Íàö³îíàëüíîãî ìå-
äè÷íîãî óí³âåðñèòåòó ³ì. Î.Î.Áîãîìîëüöÿ.
Âåíîçíó êðîâ çàáèðàëè â ñòåðèëüíèõ óìî-
âàõ ó ìîíîâåòè îá�ºìîì 2,7 ìë ç êàë³ºâîþ
ñ³ëëþ åòèëåíä³àì³íòåòðàîöòîâî¿ êèñëîòè
(11,7 ììîëü/ë) ÿê àíòèêîàãóëÿíòà (�Sars-
tedt�, Í³ìå÷÷èíà). Ñòàá³ë³çîâàíó êðîâ ðîç-
âîäèëè 0,9%-ì ðîç÷èíîì õëîðèñòîãî íàòð³þ
â ñï³ââ³äíîøåíí³ 1:1, ï³ñëÿ ÷îãî íàøàðî-
âóâàëè íà çàçäàëåã³äü ï³äãîòîâëåíèé ãðà-
ä³ºíòíèé ðîç÷èí ïåðêîëó, ÿêèé ñêëàäàâñÿ ç
4 øàð³â ç â³äíîñíîþ ãóñòèíîþ 72, 63, 54, 45 %.
Âêàçàí³ êîíöåíòðàö³¿ ïåðêîëó îäåðæóâàëè
ïðè çì³øóâàíí³ 9 ÷àñòèí ïåðêîëó ³ 1 ÷àñòèíè
10-êðàòíîãî ðîç÷èíó Õåíêñà (ðÍ 7,4), ï³ñëÿ
÷îãî íåîáõ³äíà ãóñòèíà äîñÿãàëàñÿ ðîçâå-

äåííÿì â ³äïîâ³äíèì îá�ºìîì 0 ,9%-ãî
ðîç÷èíó õëîðèñòîãî íàòð³þ. Öåíòðèôóãó-
âàííÿ êðîâ³ ïðîâîäèëè â äâà åòàïè: 1) ïðè
400 g ïðîòÿãîì 5 õâ, ï³ñëÿ ÷îãî â³äáèðàëè
ïåðøèé íàäîñàäîâèé øàð,  ùî ì³ñòèòü
ïëàçìó òà òðîìáîöèòè, à â³ä³áðàíèé îá�ºì
çàïîâíþâàëè ô³ç³îëîã³÷íèì ðîç÷èíîì; 2)
ïðè 800 g ïðîòÿãîì 15 õâ ç ïîäàëüøèì
â³äáîðîì êë³òèí ì³æ ïåâíèìè øàðàìè: 45 ³
54 % (ìîíîöèòè), 54 ³ 63 % (ë³ìôîöèòè), 63
³ 72 % (íåéòðîô³ëüí³ ãðàíóëîöèòè). Â³äìè-
âàííÿ êë³òèí â³ä ïåðêîëó ïðîâîäèëè öåíòðè-
ôóãóâàííÿì ïðîòÿãîì 5 õâ ïðè 800 g (ìîíî-
öèòè òà ë³ìôîöèòè) ³ 850 g (íåéòðîô³ëüí³
ãðàíóëîöèòè) ç ïîäàëüøèì â³äáîðîì îñàäó
³ éîãî ðåñóñïåíäóâàííÿì ó ðîç÷èí³ Õåíêñà.
Ï³äðàõóíîê ê³ëüêîñò³ ìîíîöèò³â ïðîâîäèëè
â êàìåð³ Ãîðÿºâà.

Õ³ìîòðèïñèíî- òà òðèïñèíîïîä³áíó àê-
òèâí³ñòü ïðîòåàñîìè â ìîíîöèòàõ êðîâ³
âèçíà÷àëè çà  ³íòåíñèâí³ñòþ ã ³äðîë³çó
ñïåöèô³÷íèõ ôëþîðîãåííèõ ñóáñòðàò³â �
ñóêöèí³ë-ëåéöèí-ëåéöèí-âàë³í-òèðîçèí-7-
àì³äî-4-ìåòèëêóìàðèíó (LLVT-AMC) ³
áoê-ëåéöèí-ñåðèí-òðåîí³í-àðã³í³í-7-àì³äî-
4-ìåòèëêóìàðèíó (LSTA-AMC) â³äïîâ³äíî
(ñïåêòðîôëþîðèìåòð H³tach³-4000). Äîâæè-
íà õâèë³ çáóäæåííÿ/åì³ñ³¿ ñòàíîâèëà 360/
440. Ïðè âèçíà÷åíí³ àêòèâíîñò³ ïðîòåàñîìè
â ìîíîöèòàõ ï³ñëÿ ïðå³íêóáàö³¿ ³ç ñóáñòðà-
òîì ïðîòÿãîì 1 õâ (37°Ñ) äî ïðîáè (300
ìêë) äîäàâàëè 3 ìêë ñàïîí³íó (10 ìã/ìë)
äëÿ ïåðìåàá³ë³çàö³¿ êë³òèííèõ ìåìáðàí.
Ã³äðîë³ç ñóáñòðàòó ñïîñòåð³ãàâñÿ ï³ñëÿ
äîäàâàííÿ ñàïîí³íó. Ðåàêö³éíèé áóôåð
(0,025 ìîëü/ë òð³ñ-HCl, pÍ 7,5) äëÿ âèçíà-
÷åííÿ ïðîòåîë³òè÷íî¿ àêòèâíîñò³ ïðîòåà-
ñîìè ì³ñòèâ ó ê³íöåâ³é êîíöåíòðàö³¿  6
ìêìîëü/ë LLVT-AMC àáî LSTA-AMC. Äëÿ
ï³äòâåðäæåííÿ ñïåöèô³÷íîñò³ ïðîòåàñî-
ìàëüíîãî ã³äðîë³çó âèêîðèñòîâóâàëè ñåëåê-
òèâíèé ³íã³á³òîð ïðîòåàñîìè � êëàñòî-ëàê-
òàöèñòèí β-ëàêòîí ó êîíöåíòðàö³¿ 5 ìêìîëü/ë.
Â³äñîòîê ïðèãí³÷åííÿ àêòèâíîñò³ ã³äðîë³çó
â³äïîâ³äíèõ ñóáñòðàò³â ï³ä ä³ºþ çàçíà÷åíèõ
³íã³á³òîð³â òðàêòóâàëè ÿê àêòèâí³ñòü ïðî-

Ôóíêö³îíàëüíå çíà÷åííÿ àëåëüíîãî ïîë³ìîðô³çìó ãåí³â
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òåàñîìè òà âèðàæàëè â íàíîìîëÿõ 7-àì³íî-
4-ìåòèëêóìàðèíó íà 106 êë³òèí çà 1 õâ.

Âèä³ëåííÿ ÐÍÊ ç ìîíîöèò³â ïðîâîäèëè
³ç âèêîðèñòàííÿì íàáîðó Trizol RNA-prep
(�Isogen�, Ðîñ³ÿ). Çâîðîòíó òðàíñêðèïö³þ
çä³éñíþâàëè ç âèêîðèñòàííÿì RevertAid�

H Minus First Strand cDNA Synthesis Kit
(�Fermentas�, Ëèòâà), çàñòîñîâóþ÷è 500 íã
çàãàëüíî¿  ÐÍÊ òà  îë ³ãîìåðíèé (dT)

1 8

ïðàéìåð. Îòðèìàíó ÄÍÊ âèêîðèñòîâóâàëè
äëÿ ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿ (ÏËÐ)
³ç çàñòîñóâàííÿì íàñòóïíèõ ïàð ïðàéìåð³â:
5'-CTTGAACCAGGGAGGCGAAGTTTG-3'
³ � 5'-CAGCTGAACCAGAGAGTG CATA-
GT-3' (äëÿ îö³íêè åêñïðåñ³¿ LMP2) òà 5'-
ÑGGACAGATCTCTGGGTGCT-3' ³ 5'-CTT-
CCCTACTGCCCCAAGCT-3' (äëÿ îö³íêè
åêñïðåñ³¿ LMP7). Àìïë³ô³êàö³éíà ñóì³ø
ì³ñòèëà 5 ìêë 5-êðàòíîãî ÏËÐ-áóôåðà,
2,5 ììîëü/ë ñóëüôàòó ìàãí³þ, 200 ìêìîëü/ë
ñóì³ø³ ÷îòèðüîõ íóêëåîòèäòðèôîñôàò³â, ïî
30 ïìîëü/ë êîæíîãî ç ïðàéìåð³â òà 0,5 ÎÄ
Taq-ïîë³ìåðàçè (�Àìïëèñåíñ�,  Ðî ñ³ÿ) ,
îá�ºì äîâîäèëè äî 25 ìêë äå³îí³çîâàíîþ
âîäîþ. Àìïë³ô³êàö³ÿ ôðàãìåíò³â ãåí³â
ñêëàäàëàñÿ ç 38 öèêë³â: äåíàòóðàö³ÿ � 94°Ñ,
1 õâ, ïðèºäíàííÿ ïðàéìåð³â � 63°Ñ, 1 õâ ³
åëîíãàö³ÿ � 74°Ñ, 1 õâ. Äëÿ êîíòðîëþ çà
ÿê³ñòþ âèä³ëåííÿ ÐÍÊ ³ ïîð³âíÿííÿ ³íòåí-
ñèâíîñò³ åêñïðåñ³¿ ãåí³â ³ìóíîïðîòåàñîìè
ïàðàëåëüíî àìïë³ô³êóâàëè ôðàãìåíò ãåíà
β-àêòèíó � îäíîãî ³ç house-keeping ãåí³â çà
ìåòîäîì [20].

Äëÿ ãåíîòèïóâàííÿ ÄÍÊ âèä³ëÿëè ç
êðîâ³, ñòàá³ë³çîâàíî¿ ÿê óêàçàíî âèùå, ç
âèêîðèñòàííÿì íàáîð³â «Isogen» (Ðîñ³ÿ).
Ìåòîäîì ïîë³ìåðàçíî¿ ëàíöþãîâî¿ ðåàêö³¿
ç íàñòóïíèì àíàë³çîì äîâæèíè ðåñòðèê-
ö³éíèõ ôðàãìåíò³â âèçíà÷àëè Arg

60
H³s-

ïîë³ìîðô³çì ãåíà LMP2 çà ìåòîäîì Vinas-
co ç íàøèìè ìîäèô³êàö³ÿìè [23]. Äëÿ öüîãî
àìïë³ô³êóâàëè ä³ëÿíêó çàçíà÷åíîãî ãåíà çà
äîïîìîãîþ ïàðè ñïåöèô³÷íèõ ïðàéìåð³â:
ïðÿìîãî (sense) � 5'-CTTGAACCAGGGA-
GGCGAAGTTTG-3' ³ çâîðîòíîãî (ant³sense) �
5'-CAGCTGAACCAGAGAGTGCATAGT-3'.
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Äëÿ öüîãî áðàëè 50�100 íã ÄÍÊ ³ äîäàâàëè
äî ñóì³ø³, ùî ì³ñòèòü 5 ìêë 5-êðàòíîãî
ÐÑR-áóôåðà, 3 ììîëü/ë ñóëüôàòó ìàãí³þ,
200 ìêìîëü/ë ñóì³ø³ ÷îòèðüîõ íóêëåîòèä-
òðèôîñôàò³â,  ïî 20 ïìîëü/ë êîæíîãî ç
ïðàéìåð³â ³ 0,5 ÎÄ Taq-ïîë³ìåðàçè («Àìïëè-
ñåíñ», Ðîñ³ÿ), îá�ºì äîâîäèëè äî 25 ìêë
äå³îí³çîâàíîþ âîäîþ. PCR ïðîâîäèëè â
òåðìîöèêëåð³  �GeneAmp System 2700"
(«Appl³ed B³osystems», ÑØÀ). Àìïë³ô³êàö³ÿ
ôðàãìåíòà ãåíà LMP2 ñêëàäàëàñÿ ç 35 öèê-
ë³â: äåíàòóðàö³ÿ � 94°Ñ (1 õâ), ã³áðèäèçàö³ÿ
ïðàéìåð³â � 63°Ñ (30 c) ³ åëîíãàö³ÿ � 74°Ñ
(1 õâ). Íàäàë³  6 ìêë ïðîäóêòó ÏËÐ ³íêó-
áóâàëè ïðè 37°Ñ ïðîòÿãîì 18 ãîä ç 2 ÎÄ
ðåñòðèêòàçè H³n6² («Fårmåntàs», Ëèòâà) ó
áóôåð³ Y+ íàñòóïíîãî ñêëàäó: 33 ììîëü/ë
òð³ñ-àöåòàòó (ðÍ 7,9), 10 ììîëü/ë àöåòàòó
ìàãí³þ, 66 ììîëü/ë àöåòàòó êàë³þ, 0,1 ìã/ìë
ñèðîâàòêîâîãî àëüáóì³íó áèêà (BSA) ÷è ³ç
2 ÎÄ ðåñòðèêòàçè Alw21² â áóôåð³  Î+

íàñòóïíîãî ñêëàäó: 50 ììîëü/ë òð³ñ-àöåòàòó
(ðÍ 7,5), 10 ììîëü/ë õëîðèäó ìàãí³þ, 100
ììîëü/ë õëîðèäó íàòð³þ, 0,1 ìã/ìë BSA
(«Fårmåntàs», Ëèòâà). ßêùî â ïîëîæåíí³
ãåíà LMP2 çíàõîäèâñÿ ãóàí³äèí, òî àìïë³-
ô³êàò, ùî ñêëàäàºòüñÿ ç 228 ïàð îñíîâ,
ðîçùåïëþâàâñÿ ðåñòðèêòàçîþ H³n6² íà äâà
ôðàãìåíòè � 199 ³ 29 ïàð îñíîâ. Ó âèïàäêó
çàì³íè ãóàí³äèíó íà àäåí³í ñàéò ðåñòðèêö³¿
äëÿ H³n6² âòðà÷àºòüñÿ, à äëÿ ðåñòðèêòàçè
Alw21², íàâïàêè, ç�ÿâëÿºòüñÿ é óòâîðþºòü-
ñÿ äâà ôðàãìåíòè çàçíà÷åíîãî ðîçì³ðó (ðèñ. 1).

Àëåëüíûé ïîë³ìîðô³çì ãåíà  LMP7
(Lys

145
Gln-ïîë³ìîðô³çì) âèçíà÷àëè òàêîæ

øëÿõîì àìïë³ô³êàö³ºþ ôðàãìåíòà ³ íàñòóï-
íîþ ðåñòðèêö³ºþ [23]. Ïîñë³äîâí³ñòü íóê-
ëåîòèä³â ó ñïåöèô³÷íèõ ïðàéìåðàõ áóëà
íàñòóïíîþ: ïðÿìèé (sense) � 5'-ÑGGACA-
GATCTCTGGGTGCT-3' ³ çâîðîòíèé (ant³-
sense) � 5'-CTTCCCTACTGCCCCAAGCT-
3'. Äëÿ àìïë³ô³êàö³¿ áðàëè 50�100 íã ÄÍÊ ³
äîäàâàëè äî ñóì³ø³, ùî ì³ñòèòü 5 ìêë 5-
êðàòíîãî ÏËÐ-áóôåðà, 3 ììîëü/ë ñóëüôàòó
ìàãí³þ, 200 ìêìîëü/ë ñóì³ø³ ÷îòèðüîõ
íóêëåîòèäòðèôîñôàò³â,  ïî 20 ïìîëü/ë
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êîæíîãî ç ïðàéìåð³â ³ 0,5 ÎÄ Taq-ïîë³ìå-
ðàçè («Àìïëèñåíñ», Ðîñ³ÿ). Îá�ºì äîâîäèëè
äî 25 ìêë äå³îí³çîâàíîþ âîäîþ. Àìïë³ô³-
êàö³ÿ ôðàãìåíòà ãåíà LMP7 ñêëàäàëàñÿ ç
38  öèêë ³â :  äåíàòóðàö³ÿ  �  94°Ñ,  1  õâ ,
ã³áðèäèçàö³ÿ ïðàéìåð³â �  63°Ñ, 35 c ³
åëîíãàö³ÿ � 74°Ñ, 1 õâ. Äëÿ âèçíà÷åííÿ SNP
LMP7 6 ìêë ïðîäóêòó àìïë³ô³êàö³¿ ³íêóáó-
âàëè ïðè 37°Ñ ïðîòÿãîì 20 ãîä ç 5 ÎÄ
ðåñòðèêòàçè H³nd²²² («Ñèáýíçèì», Ðîñ³ÿ) ó
áóôåð³ íàñòóïíîãî ñêëàäó: 10 ììîëü/ë òð³ñ-
ã³äðîõëîðèäó (ðÍ 8,5), 10 ììîëü/ë õëîðèäó
ìàãí³þ, 100 ììîëü/ë õëîðèäó íàòð³þ, 0,1
ìã/ìë ñèðîâàòêîâîãî àìáóë³íó áèêà,  1
ììîëü/ë äèò³îòðå¿òîëó ÷è ³ç 2 ÎÄ ðåñò-
ðèêòàçè Mva1269²  ó  áóôåð³  R+.  Á³ëüø
ðîçïîâñþäæåíèé àëåëüíèé âàð³àíò ãåíà
LMP7 ç àäåí³íîì (ðîçì³ð àìïë³ô³êàòó 193
ïàð îñíîâ) ðîçùåïëþâàâñÿ ðåñòðèêòàçîþ
H³nd²²² íà äâà ôðàãìåíòè � 179 ³ 14 ïàð
îñíîâ. Ó ðàç³ çàì³íè àäåí³íó íà öèòîçèí
àìïë³ô³êàò ðîçùåïëþºòüñÿ ðåñòðèêòàçîþ
Mva1269² íà äâà ôðàãìåíòè çàçíà÷åíîãî
ðîçì³ðó.

Àìïë³ô³êàòè ãåí³â LMP2 ³ LMP7 òà ¿õ
ôðàãìåíòè, îòðèìàí³ â ðåçóëüòàò³ ðåñò-
ðèêö³¿, ðîçä³ëÿëè â 2,5 %-ìó àãàðîçíîìó
ãåë³, ùî ì³ñòèâ áðîìèñòèé åòèä³é. Â³çóàë³-
çàö³þ ÄÍÊ ï³ñëÿ ãîðèçîíòàëüíîãî åëåêòðî-
ôîðåçó (160 Â ïðîòÿãîì 40 õâ) ïðîâîäèëè

çà äîïîìîãîþ òðàíñ³ëþì³íàòîðà ³ ïðîãðàì-
íîãî çàáåçïå÷åííÿ V³Tran («Áèîêîì», Ðîñ³ÿ).

Ôëþîðîãåíí³ ñóáñòðàòè, êëàñòî-ëàêòà-
öèñòèí β-ëàêòîí, ñîë³, 7-àì³íî-4-ìåòèë-
êóìàðèí, ñàïîí³í âèðîáëåí³ ô³ðìîþ «S³gma»
(ÑØÀ), ñèíòåç ïðàéìåð³â çä³éñíåíî «Ñèí-
òîë» (Ðîñ³ÿ).

Îòðèìàí³ ðåçóëüòàòè îáðîáëÿëè ñòàòèñ-
òè÷íî ç âèêîðèñòàííÿì ïðîãðàì Origin 7.0
òà Excel 2000. Ïðè öüîìó â³ðîã³äí³ñòü
â³äì³ííîñòåé âèçíà÷àëè çà êðèòåð³ºì t
Ñòüþäåíòà. Çíà÷åííÿ Ð<0,05 ââàæàëè äîñ-
òîâ³ðíèì.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Òðèïñèíîïîä³áíó àêòèâí³ñòü ïðîòåàñîìè â
³çîëüîâàíèõ ìîíîöèòàõ áóëî âèì³ðÿíî ó 26
îñ³á, ç ÿêèõ 16 (61,5 %) ìàëè ãåíîòèï Arg/
Arg, 5 � Arg/His (19,2 %) òà 5 (19,2 %) �
His/His ïðè äîñë³äæåíí³ àëåëüíîãî ïîë³-
ìîðô³çìó ãåíà LMP2. Õ³ìîòðèïñèíîïîä³áíà
àêòèâí³ñòü ïðîòåàñîìè â öèõ êë³òèíàõ áóëà
âèçíà÷åíà ó 22 îñ³á. Ðîçïîä³ë àëåëüíèõ
âàð³àíò³â ãåíà LMP2 ó íèõ áóâ íàñòóïíèì:
Arg/Arg � 12 (54,6 %), Arg/His � 5 (18,2 %),
His/His � 5 (18,2 %). Óñ³ îñîáè, â ÿêèõ
âèì³ðþâàëàñÿ àêòèâí³ñòü ïðîòåàñîìè, ìàëè
ãåíîòèï Lys/Lys çà ãåíîì LMP7. Âñòàíîâ-
ëåíî, ùî àêòèâí³ñòü ïðîòåàñîìè â ìîíîöè-

Ôóíêö³îíàëüíå çíà÷åííÿ àëåëüíîãî ïîë³ìîðô³çìó ãåí³â

Ðèñ. 1. Ðåçóëüòàòè åëåêòðîôîðåçó ôðàãìåíòà ãåíà LMP2 ï³ñëÿ ðåñòðèêö³¿ ³ç âèêîðèñòàííÿì ôåðìåíòó Hin6I.
M � ìàðêåð ìîëåêóëÿðíî¿ ìàñè (bp �ïàðè íóêëå¿íîâèõ îñíîâ), äîð³æêè 1, 2, 4, 6, 8, 9, 11 â³äïîâ³äàþòü Arg/Arg,
3, 5 � Arg/His, 7 ³ 10 �  His/His -ãåíîòèïàì
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òàõ çàëåæèòü â³ä ïîë³ìîðô³çìó ãåíà LMP2
(ðèñ. 2). Òàê, òðèïñèíîïîä³áíà àêòèâí³ñòü
ïðîòåàñîìè ïðè ãåíîòèï³ Arg/Arg áóëà â 1,6
ðàçà (P=0,19) âèùîþ, í³æ ïðè ãåíîòèï³ His/
His òà ó 2 ðàçè (Ð=0,03) íèæ÷îþ ïîð³âíÿíî
ç  ãåòåðîçèãîòàìè.  Â³äïîâ ³äí³ñòü  ì³æ
õ³ìîòðèïñèíîïîä³áíîþ àêòèâí³ñòþ ïðîòåà-
ñîìè òà ãåíîòèïîì çà LMP2 ìàëà àíàëîã³÷-
íèé õàðàêòåð. Íàéá³ëüøà àêòèâí³ñòü ñïîñ-
òåð³ãàëàñü ó ãåòåðîçèãîò (íà 29,7 % âèùå,
í ³æ ïðè ãåíîòèï³  Arg /Arg ,  Ð=0,43) ,  à
íàéìåíøà � ó ãîìîçèãîò His/His (íà 29,7 %
ìåíøà ïîð³âíÿíî ç ãåíîòèïîì Arg/Arg,
Ð=0,40). Íàéá³ëüø ö³êàâèì, íà íàøó äóìêó,
º òå, ùî çàì³íà àì³íîêèñëîòè â ñóáîäèíèö³

ïðîòåàñîìè, ùî çàáåçïå÷óº ïåïòèëäèãëþ-
òàì³ëïåïòèäã³äðîëàçíó àêòèâí³ñòü, ñóòòºâî
âïëèâàº íà ïåïòèäàçíó (òðèïñèíî- òà õ³ìî-
òðèïñèíîïîä³áíó) àêòèâí³ñòü ³íøèõ ñóáîäè-
íèöü. Öå ìîæå ñâ³ä÷èòè ïðî òå, ùî òàêà
çàì³íà âïëèâàº íà êîíôîðìàö³þ âíóòð³ø-
íüîãî ê³ëüöÿ ïðîòåàñîìè ³ âíàñë³äîê öüîãî
çì³íþºòüñÿ çäàòí³ñòü ³íøèõ ñóáîäèíèöü
³ìóíîïðîòåàñîìè ðîçùåïëþâàòè â³äïîâ³äí³
ñóáñòðàòè. Òàêîæ íå âèêëþ÷åíî, ùî âñòà-
íîâëåí³ çì³íè àêòèâíîñò³ çàëåæàòü â³ä
ïðîöåñ³â êîìïëåêñàö³¿ ÷è äåãðàäàö³¿ ³ìóíî-
ïðîòåàñîìè, ñïðè÷èíåí³ çàì³íîþ àðã³í³íó íà
ã³ñòèäèí. Çà äàíèìè Kisselev ³ ñï³âàâò. [11]
ñïåöèô³÷í³ ³íã³á³òîðè ïåïòèäèëãëþòàì³ë-
ïåïòèäã³äðîëàçíîãî ñàéòó ³çîëüîâàíî¿ 20S-
ïðîòåàñîìè âòðè÷³ çá³ëüøóþòü òðèïñèíî-
ïîä³áíó àêòèâí³ñòü, îäíàê íå âïëèâàþòü íà
õ³ìîòðèïñèíîïîä³áíó. Îäíî÷àñíî ñóáñòðàòè
β

1
-ñóáîäèíèö³ (ì³ñòÿòü çàëèøêè êèñëèõ

àì³íîêèñëîò) çà àëîñòåðè÷íèì ìåõàí³çìîì
çìåíøóþòü õ³ìîòðèïñèíîïîä³áíó àêòèâ-
í³ñòü, à ã³äðîôîáí³ ñóáñòðàòè β

5
-ñóáîäèíèö³

âíàñë³äîê âçàºìîä³¿ ç íåêàòàë³òè÷íèìè
ñóáîäèíèöÿìè ïðîòåàñîìè çá³ëüøóþòü
àêòèâí³ñòü óñ³õ ïåïòèäàçíèõ ñàéò³â [11, 12].
Òàêèì ÷èíîì, º  ï³äñòàâè ââàæàòè,  ùî
ïåïòèäèëãëþòàì³ëïåïòèäã³äðîëàçíèé ñàéò
ÿê êîíôîðìàö³éíî, òàê ³ ôóíêö³îíàëüíî
âïëèâàº íà àêòèâí³ñòü ³íøèõ ñóáîäèíèöü.
Çâàæàþ÷è íà òå, ùî ïåïòèäèëãëþòàì³ëïåï-
òèäã³äðîëàçíà àêòèâí³ñòü çìåíøóºòüñÿ ïðè
ôîðìóâàíí³ ³ìóíîïðîòåàñîìè, ìîæíà ïðè-
ïóñòèòè, ùî çàì³íà àðã³í³íó íà ã³ñòèäèí ó
LMP2 ïðè àëåëüíîìó ïîë³ìîðô³çì³ çá³ëüøóº
âêàçàíó àêòèâí³ñòü, âíàñë³äîê ÷îãî çìåí-
øóºòüñÿ  òðèïñèíîïîä³áíà  àêòèâí³ñòü
ìóëüòèêàòàë³òè÷íîãî ïðîòå¿íàçíîãî êîìï-
ëåêñó. Îñòàòî÷íî âèð³øèòè öå ïðîáëåìà-
òè÷íå ïèòàííÿ ìîæíà ïðîàíàë³çóâàâøè
ïåïòèäèëãëþòàì³ëïåïòèäã³äðîëàçíó àêòèâ-
í³ñòü â îñ³á ç ð³çíèì ãåíîòèïîì çà LMP2.
Íà æàëü, íàì íå âäàëîñÿ ðåàë³çóâàòè öþ
³äåþ â íàø³é ðîáîò³ âíàñë³äîê íèçüêî¿
÷óòëèâîñò³ íàÿâíîãî ôëþîðîãåííîãî ñóáñò-
ðàòó (Leu-Leu-Glu-β-íàôòèëàì³ä).

Â.ª. Äîñåíêî, Ä.Â. Ìèõàëü÷óê, Â.Þ. Çàãîð³é, Ì.Â. Õàéòîâè÷, Î.Î. Ìîéáåíêî

Ðèñ. 2. Òðèïñèíîïîä³áíà (à) òà õ³ìîòðèïñèíîïîä³áíà (á)
àêòèâí³ñòü ïðîòåàñîìè â ³çîëüîâàíèõ ìîíîöèòàõ îñ³á ³ç
ð³çíèìè àëåëüíèìè âàð³àíòàìè LMP2: 1 � Arg/Arg, 2 �
Arg/His, 3 � His/His. ÀÌÑ � 7-àì³íî-4-ìåòèëêóìàðèí
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Ñë³ä â³äì³òèòè ³ ôàêò íàéâèùî¿ àêòèâ-
íîñò³ ïðîòåàñîìè ó ãåòåðîçèãîò. Çà öèõ
óìîâ ó êë³òèíàõ áóäóòü óòâîðþâàòèñü
îäíî÷àñíî ³ìóíîïðîòåàñîìè äâîõ âèä³â �
³ç çàì³íîþ Arg/His òà áåç òàêî¿.  ßêùî
ïðèïóñòèòè, ùî çàì³íà ä³éíî º ïàòîëîã³÷íîþ
òà ïîðóøóº ôóíêö³þ ³ìóíîïðîòåàñîì, òî â
îðãàí³çì³ âèíèêàº íåîáõ³äí³ñòü çá³ëüøåííÿ
åêñïðåñ³¿ ãåí³â, ùî êîäóþòü ñóáîäèíèö³
³ìóíîïðîòåàñîìè ÷è êîíñòèòóö³éíî¿ ïðîòåà-
ñîìè (âîíà òàêîæ áåðå ó÷àñòü ó ïðîöåñ³
ïðåçåíòàö³¿ ïåïòèä³â ó ãîëîâíîìó êîìïëåêñ³
ã³ñòîñóì³ñíîñò³ ² êëàñó). Äëÿ ïåðåâ³ðêè ö³º¿
ã³ïîòåçè òà äëÿ ç�ÿñóâàííÿ ð³âíÿ, íà ÿêîìó
ðåàë³çóºòüñÿ âïëèâ çàçíà÷åíîãî àëåëüíîãî
ïîë³ìîðô³çìó íà àêòèâí³ñòü ³ìóíîïðîòåàñî-
ìè, ìè ïðîâåëè äîñë³äæåííÿ ç âèçíà÷åííÿ
åêñïðåñ³¿ ÐÍÊ LMP2 òà LMP7 â ³çîëüîâàíèõ
ìîíîöèòàõ (ðèñ. 3). Âèÿâèëîñÿ, ùî ñóòòºâèõ
â³äì³ííîñòåé â åêñïðåñ³¿ ãåí³â çàçíà÷åíèõ
ñóáîäèíèöü ó îñ³á ç ð³çíèì ãåíîòèïîì íå-
ìàº, ùî íå º äèâíèì ç óðàõóâàííÿì ëîêà-
ë³çàö³¿ ïîë³ìîðôíîãî ñàéòó â åêçîíàõ ãåí³â
LMP2 ³ LMP7. Îòæå, â³äì³ííîñò³ â ïåïòè-
äàçí³é àêòèâíîñò³  ³ìóíîïðîòåàñîìè çà

ð³çíèõ àëåëüíèõ âàð³àíò³â LMP2 íå ìîæóòü
áóòè ïîÿñíåí³ çì³íàìè ³íòåíñèâíîñò³ åêñï-
ðåñ³¿ ãåí³â ³ìóíîïðîòåàñîìè. Íå âèêëþ÷åíî,
ùî ïðè ïàòîëîã³÷íèõ âàð³àíòàõ ãåíà LMP2
çì³íþºòüñÿ  åêñïðåñ³ÿ  êîíñòèòóö³éíèõ
ñóáîäèíèöü ïðîòåàñîìè, îäíàê äëÿ ï³ä-
òâåðäæåííÿ àáî ñïðîñòóâàííÿ öüîãî ïðèïó-
ùåííÿ  íåîáõ³äíî  ïðîâå ñòè  äîäàòêîâ ³
äîñë³äæåííÿ.

Âíàñë³äîê íàäçâè÷àéíî íèçüêî¿ ÷àñòîòè
àëåëÿ Gln ãåíà LMP7 â óêðà¿íñüê³é ïîïóëÿö³¿
íàì íå âäàëîñÿ âèçíà÷èòè éîãî ôóíêö³î-
íàëüíå çíà÷åííÿ, ïðîòå çà öèõ óìîâ ìè
ìàºìî çìîãó á³ëüø âïåâíåíî êàçàòè ïðî
ðîëü ïîë³ìîðô³çìó ãåíà LMP2.

Çàãàëîì îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü
ïðî ôóíêö³îíàëüíå çíà÷åííÿ àëåëüíîãî
ïîë³ìîðô³çìó LMP2, ùî çíàõîäèòü âèðàç ó
çì³íàõ êàòàë³òè÷íî¿ àêòèâíîñò³ ³ìóíîïðî-
òåàñîìè. Ç îãëÿäó íà òå, ùî ³ìóíîïðîòåà-
ñîìà ìàº âèíÿòêîâå çíà÷åííÿ â ³ìóíí³é
â³äïîâ³ä³ â ö³ëîìó ³ â Ò-êë³òèííîìó ³ìóí³òåò³
çîêðåìà, ö³ ðåçóëüòàòè ñòâîðþþòü ï³äãðóí-
òÿ äëÿ äèôåðåíö³éîâàíîãî ï³äõîäó ó ë³êó-
âàíí³ õâîðèõ íà àóòî³ìóíí³ òà õðîí³÷í³

Ôóíêö³îíàëüíå çíà÷åííÿ àëåëüíîãî ïîë³ìîðô³çìó ãåí³â

2 41 3 2 41 3

2 41 3 2 41 3

β-àêòèí LMP2

β-àêòèí LMP2

à

á

300 bp
228 bp

300 bp

193 bp

Ðèñ. 3. ²íòåíñèâí³ñòü åêñïðåñ³¿ ãåí³â β-àêòèíó ³ LMP2 (à) òà ãåí³â β-àêòèíó ³ LMP7 (á) ó ìîíîöèòàõ, ³çîëüîâàíèõ â³ä
ãåíîòèïîâàíèõ çà LMP2 ³ LMP7 îñ³á.
Íà ðèñ. 3,à äîð³æêè 1, 2 â³äïîâ³äàþòü Arg/Arg, 3 � Arg/His; 4 � His/His; íà ðèñ. 3,á äîð³æêè 1, 3 â³äïîâ³äàþòü Lys/Lys,
4 � Gln/Lys-ãåíîòèïàì, bp � ïàðè íóêëå¿íîâèõ îñíîâ
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â³ðóñí³ çàõâîðþâàíí³. ªäèíèì â³äîìèì íèí³ çà-
ñîáîì ñòèìóëÿö³¿ àêòèâíîñò³ ³ìóíîïðîòåàñîìè
º γ-³íòåðôåðîí, ùî çá³ëüøóº åêñïðåñ³þ ãåí³â
LMP2, LMP7 ³ LMP10. Îòæå, çàñòîñóâàííÿ
ôàðìàêîãåíåòè÷íîãî ï³äõîäó â ³íòåðôå-
ðîíîòåðàï³¿ ìîæå ìàòè âåëèê³ ïåðñïåêòèâè.

V.E. Dosenko, D.A. Mikhalchuk, V.Yu. Zagoriy,
N.V.  Haitovich,  A.A. Moibenko

ALLELIC  POLYMORPHISM  OF  LARGE
MULTIFUNCTIONAL  PROTEASES  AND  ITS
FUNCTIONAL  MEANING

Proteasomal activity in isolated monocytes from subjects with
different variants of large multifunctional proteases genes -
LMP2 (Arg60 His allelic polymorphism) and LMP7
(Lys145 Gln allelic polymorphism) was determined.
Trypsin-like activity of proteasome was 1.6-times (P=0.19)
higher at Arg/Arg genotype comparing to His/His genotype,
and 2-fold lower than at Arg/His genotype. The highest
chymotrypsin-like activity of proteasome was observed in
heterozygotes (on 29.7% higher comparing to Arg/Arg geno-
type, Ð=0.43) and lowest in homozygotes His/His (on 29.7%
less comparing to Arg/Arg genotype, Ð=0.40). Level of RNA
expression in isolated monocytes detetermined by use of RT-
PCR did not differed significantly in subjects with different
genotypes. Data obtained indicate that LMP2 allelic poly-
morphism impact peptidase activity of immunoproteasome.

O.O.Bogomoletz Institute of Physiology National Academy of
Science of Ukraine, Kyiv
Kyiv State University
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