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Ìåòà. Ñòâîðåííÿ ãåííî-³íæåíåðíîãî çëèòîãî á³ëêà SPA-BAPmut òà éîãî çàñòîñóâàííÿ ÿê âòîðèííîãî ³ìó-

íîðåàãåíòó â ³ìóíîëîã³÷íèõ òåñòàõ. Ìåòîäè. Êëîíóâàííÿ ãåí³â, ÏËÐ, ñåêâåíóâàííÿ ÄÍÊ, êóëüòèâóâàííÿ

áàêòåð³é, åëåêòðîôîðåç, ñèíòåç ³ î÷èùåííÿ á³ëê³â, ELISA, âåñòåðí-áëîò. Ðåçóëüòàòè. Ç âèêîðèñòàííÿì

ïîñë³äîâíîâíîñòåé ÄÍÊ, ùî êîäóþòü á³ëîê À Staphylococcus aureus (SPA) ³ áàêòåð³éíó ëóæíó ôîñôàòà-

çó ç ïîêðàùåíèìè êàòàë³òè÷íèìè âëàñòèâîñòÿìè (BAPmut), ñêîíñòðóéîâàíî ãåí çëèòîãî á³ëêà SPA-

BAPmut òà çàáåçïå÷åíî éîãî ïðåïàðàòèâíå îòðèìàííÿ ó ðîç÷èíí³é ôîðì³ âíàñë³äîê ñèíòåçó â êë³òèíàõ

Escherichia coli. Âèçíà÷åíî óìîâè ôåðìåíòàö³¿, çà ÿêèõ âèõ³ä SPA-ÂAPmut ñòàíîâèòü ïðèáëèçíî 1 ã/ë

êóëüòóðè E. coli. ²ç çàñòîñóâàííÿì ìåòîäó ìåòàëîàô³ííî¿ õðîìàòîãðàô³¿ îäåðæàíî ö³ëüîâèé á³ëîê ç ÷è-

ñòîòîþ ïîíàä 95 %. SPA-ÂAPmut òåðìîñòàá³ëüíèé, à îáèäâà éîãî êîìïîíåíòè (SPA ³ ÂAPmut) çáåð³ãà-

þòü ³ìóíîãëîáóë³íçâ’ÿçóâàëüíó ³ ôîñôàòàçíó àêòèâí³ñòü òðèâàëèé ÷àñ. SPA-BAPmut äîçâîëÿº âèÿâëÿòè

ùîíàéìåíøå 5 íã àíòèãåíó òà 1 ìêã/ìë àíòèò³ë. Âèñíîâêè. Ïîêàçàíî ìîæëèâ³ñòü âèêîðèñòàííÿ

SPA-ÂAPmut ÿê óí³âåðñàëüíîãî âòîðèííîãî ³ìóíîðåàãåíòó â ³ìóíîõ³ì³÷íèõ òåñòàõ.

Êëþ÷îâ³ ñëîâà: á³ëîê À, áàêòåð³éíà ëóæíà ôîñôàòàçà, çëèòèé á³ëîê, ³ìóíîä³àãíîñòèêà.

Âñòóï. Á³ëîê À Staphylococcus aureus (SPA) ñêëàäà-

ºòüñÿ ç ï’ÿòè ³ìóíîãëîáóë³íçâ’ÿçóâàëüíèõ äîìåí³â

(E, D, A, B, C), êîæåí ç ÿêèõ çäàòíèé ñïåöèô³÷íî

âçàºìîä³ÿòè ç Fc-ôðàãìåíòàìè IgG ð³çíèõ âèä³â òâà-

ðèí ³ ëþäèíè [1]. Òîìó SPA øèðîêî çàñòîñîâóþòü â

àô³íí³é õðîìàòîãðàô³¿ ïðè ñòâîðåíí³ ñîðáåíò³â äëÿ

î÷èùåííÿ àíòèò³ë àáî ñåïàðàö³¿ êðîâ³ õâîðèõ íà àó-

òî³ìóíí³ çàõâîðþâàííÿ â³ä àóòîàíòèò³ë òà öèðêóëþ-

þ÷èõ ³ìóííèõ êîìïëåêñ³â [2, 3]. Ùå îäíèì ïåðñïåê-

òèâíèì íàïðÿìêîì âèêîðèñòàííÿ SPA º ä³àãíîñòèêà.

Êîí’þãàòè SPA ç ëóæíîþ ôîñôàòàçîþ, ïåðîêñèäà-

çîþ õðîíó ³ ì³÷åíèì éîäîì çàñòîñîâóþòü â ³ìóíîëî-

ã³÷íèõ òåñòàõ. Çàçâè÷àé òàêó êîí’þãàö³þ ïðîâîäÿòü

õ³ì³÷íèì ñïîñîáîì. Îäíàê õ³ì³÷íà êîí’þãàö³ÿ ìàº

íèçêó íåäîë³ê³â: 1) ïîòðåáà â çíà÷í³é ê³ëüêîñò³ î÷è-

ùåíèõ êîìïîíåíò³â; 2) âèñîêà ãåòåðîãåíí³ñòü ê³í-

öåâîãî ïðîäóêòó; 3) íåîáõ³äí³ñòü ðîçä³ëåííÿ ïîâíî-

ðîçì³ðíèõ êîí’þãàò³â â³ä íåêîí’þãîâàíèõ êîìïî-

íåíò³â. Ó ñâîþ ÷åðãó, òåõíîëîã³ÿ ðåêîìá³íàíòíèõ

ÄÍÊ çàáåçïå÷óº ñòâîðåííÿ ãåíåòè÷íèõ êîíñòðóê-

ö³é, ÿê³ ìîæóòü áóòè âèêîðèñòàí³ äëÿ îòðèìàííÿ õè-

ìåðíèõ á³ôóíêö³îíàëüíèõ á³ëê³â ó ãåòåðîëîã³÷íèõ

ñèñòåìàõ, ñåðåä ÿêèõ Escherichia coli.

Ïàðòíåðîì äëÿ çëèòòÿ ³ç SPA îáðàíî áàêòåð³éíó

ëóæíó ôîñôàòàçó ç ïîêðàùåíèìè êàòàë³òè÷íèìè

âëàñòèâîñòÿìè (BÀÐmut). Çá³ëüøåííÿ êàòàë³òè÷íî¿
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àêòèâíîñò³ BAPmut äîñÿãàëè çà ðàõóíîê äâîõ àì³íî-

êèñëîòíèõ çàì³í D153G ³ D330N (çàì³íà àñïàðà-

ã³íîâî¿ êèñëîòè íà àñïàðàã³í ³ ãë³öèí ó 153 òà 330

ïîëîæåííÿõ â³äïîâ³äíî) [4].

Ìàòåð³àëè ³ ìåòîäè. Êîíñòðóþâàííÿ ³ ñèíòåç

SPA-ÂAPmut. ÄÍÊ-ïîñë³äîâí³ñòü SPA îòðèìàíî

ÏËÐ-àìïë³ô³êàö³ºþ ç õðîìîñîìíî¿ ÄÍÊ S. aureus,

îäåðæàíî¿ çà äîïîìîãîþ íàáîðó ðåàãåíò³â «Geno-

mic DNA Purification Kit» («Fermentas», Ëèòâà). Äëÿ

ïðîâåäåííÿ ÏËÐ âèêîðèñòàíî ïàðó ñïåöèô³÷íèõ

ïðàéìåð³â, ÿê³ ââîäèëè ñàéòè ðåñòðèêö³¿ NdeI ³ NotI.

Î÷èùåíèé ïðîäóêò ÏËÐ (~880 ï. í.) ã³äðîë³çóâàëè

â³äïîâ³äíèìè ðåñòðèêòàçàìè ³ êëîíóâàëè ó ïëàçì³ä-

íèé âåêòîð pET-24a (ðåçóëüòóþ÷à ïëàçì³äà – ðÅÒ-

SPA) [5].

Ïðàéìåðè äëÿ ïðîâåäåííÿ ÏËÐ: ñåíñîâèé SPÀ –

NdeI: 5'-ATCATATGGCGCAACACGATGAAGCT

CAAC-3'; àíòèñåíñîâèé SPÀ – NotI: 5'-ATGCGGC

CGCTTCCT CTTTTGGTGC-3'.

Äëÿ îòðèìàííÿ ïîñë³äîâíîñò³ ÄÍÊ, ÿêà êîäóº

BAPmut, âèêîðèñòàíî ïëàçì³äó pCANTAB-ScFv-

BAPmut ³ ïàðó ïðàéìåð³â, ÿê³ ââîäèëè ñàéòè ðåñò-

ðèêö³¿ NotI ³ XhoI. Î÷èùåíèé ïðîäóêò ÏËÐ (~1360

ï. í.) ã³äðîë³çóâàëè â³äïîâ³äíèìè ðåñòðèêòàçàìè ³

ñóáêëîíóâàëè ó ïëàçì³äíèé âåêòîð ðÅÒ-SPA. ÏËÐ

ïðîâîäèëè ç âèêîðèñòàííÿì òàêî¿ ïàðè ïðàéìåð³â:

ñåíñîâèé BAPmut – NotI: 5'-ACGGGCGGCCGCTA

CACCAGAA-3'; àíòèñåíñîâèé BAPmut – XhoI: 5'-

CGGCGAGACCCCGACTTTGAGCTCACTA-3'.

Äëÿ åêñïðåñ³¿ SPA-BAPmut îäåðæàíîþ ïëàçì³-

äîþ pET24-SPA-BAPmut òðàíñôîðìóâàëè êë³òèíè

E. coli BL21 (DE3). Ñèíòåç á³ëêà ³íäóêóâàëè çà ïðî-

òîêîëîì àóòî³íäóêö³¿ [6]. Ëîêàë³çàö³þ ³ ê³ëüê³ñíèé

âì³ñò ö³ëüîâîãî á³ëêà â ñóìàðíîìó ë³çàò³ êë³òèí-

ïðîäóöåíò³â âèçíà÷àëè åëåêòðîôîðåòè÷íèì ðîçä³-

ëåííÿì ðîç÷èííî¿ ³ íåðîç÷èííî¿ ôðàêö³é á³ëê³â öè-

òîïëàçìè êë³òèíè.

Î÷èùåííÿ SPA-ÂAPmut ïðîâîäèëè ìåòîäîì ìå-

òàëîàô³ííî¿ õðîìàòîãðàô³¿ çà íàòèâíèõ óìîâ. Ìåòà-

ëîõåëàòóþ÷ó êîëîíêó HiTrap îá’ºìîì 1 ìë óð³âíîâà-

æóâàëè ³îíàìè Ni2+ òà ïðèºäíóâàëè äî àâòîìàòèçî-

âàíî¿ õðîìàòîãðàô³÷íî¿ ñèñòåìè FPLC («Pharma-

cia», Øâåö³ÿ), óð³âíîâàæóâàëè áóôåðîì (100 ìM

òðèñ-HCl (pH 8,0), 300 ìÌ NaCl, 10 ìÌ ³ì³äàçîë) ³

íàíîñèëè ôðàêö³þ ðîç÷èííèõ á³ëê³â öèòîïëàçìè êë³-

òèí E. coli, ïîïåðåäíüî ïðîô³ëüòðîâàíó ÷åðåç 0,45

ìêì-ìåìáðàííèé ô³ëüòð PVDF («Millipore», ÑØÀ).

Ñîðáåíò â³äìèâàëè â³ä íåñïåöèô³÷íî çâ’ÿçàíèõ á³ë-

ê³â çàçíà÷åíèì áóôåðîì äî âèõîäó ïåðà ñàìîïèñöÿ

íà ³çîë³í³þ. SPA-ÂAPmut åëþþâàëè áóôåðîì – 100

ìM òðèñ- HCl (pH 8,0), 300 ìÌ NaCl, 300 ìÌ ³ì³äà-

çîë. Î÷èùåíèé á³ëîê ä³àë³çóâàëè ïðîòè áóôåðà,

ÿêèé ì³ñòèòü 100 ìM òðèñ-HCl (pH 9,5), 140 ìÌ

NaCl, 15 ìÌ MgSO4. Ãîìîãåíí³ñòü î÷èùåíîãî á³ëêà

àíàë³çóâàëè ó 12 %-ìó ÄÑÍ-ÏÀÀÃ [7], êîíöåíòðà-

ö³þ SPA- ÂAPmut âèçíà÷àëè çà â³äîìîþ âåëè÷èíîþ

àáñîðáö³¿ À280, ÿêó ðîçðàõîâóâàëè äëÿ äàíî¿ ïîñë³-

äîâíîñò³ ³ç çàñòîñóâàííÿì ïðîãðàìè Vector NTI.

Âèêîðèñòàííÿ SPA-ÂAPmut ÿê âòîðèííîãî ³ìóíî-

ðåàãåíòó. ELISA, ç à ë å æ í à â ³ ä à í ò è ò ³ ë. Â ëóí-

êè ïîë³ñòèðîëîâîãî ïëàíøåòà äëÿ ELISA («Nunñ»)

âíîñèëè rhIFN�2b ó 50 ìÌ Na-êàðáîíàòíîìó áóôå-

ð³ (ðÍ 9,5) â êîíöåíòðàö³¿ 10 ìêã/ìë òà ³íêóáóâàëè

óïðîäîâæ 1 ãîä ïðè 37 °Ñ. Ï³ñëÿ ïðîìèâàíü ëóíîê

áóôåðîì PBSÒ äîäàâàëè àô³ííî î÷èùåí³ ïîë³êëî-

íàëüí³ àíòèò³ëà êðîëÿ ïðîòè rhIFN�2b ó ä³àïàçîí³

êîíöåíòðàö³é 100–0,1 ìêã/ìë òà SPA-ÂAPmut – ó

êîíöåíòðàö³¿ 0,5 ìêã/ìë. Óòâîðåí³ ³ìóíí³ êîìïëåê-

ñè ïðîÿâëÿëè ç âèêîðèñòàííÿì õðîìîãåííîãî ñóáñò-

ðàòó äëÿ ôîñôàòàçè (ð-í³òðîôåí³ëôîñôàòó, pNPP,

«Sigma», ÑØÀ). Ï³ñëÿ ïðîÿâëåííÿ çàáàðâëåííÿ ðå-

àêö³þ çóïèíÿëè âíåñåííÿì 1 Ì NaOH ³ âèì³ðþâàëè

âåëè÷èíó àäñîðáö³¿ À405 íà áàãàòîêàíàëüíîìó ôîòî-

ìåòð³ Multiscan MCC/340 («Titertek», ÑØÀ).

À í ò è ã å í-ç à ë å æ í à ELISA. Â ëóíêè ïîë³ñòè-

ðîëîâîãî ïëàíøåòà äëÿ ELISA («Nunñ», Äàí³ÿ) âíî-

ñèëè rhIFN�2b (ÂÍÄÊ «ÔàðìÁ³îòåê», Óêðà¿íà) â 50

ìÌ Na-êàðáîíàòíîìó áóôåð³ (ðÍ 9,5) â êîíöåíò-

ðàö³¿ 1–500 íã íà ëóíêó òà ³íêóáóâàëè ïðîòÿãîì 1 ãîä

ïðè 37 °Ñ. Ï³ñëÿ ïðîìèâàíü ëóíîê áóôåðîì PBS,

ÿêèé ì³ñòèòü 0,1 % òâ³í-20 (PBSÒ), âíîñèëè àô³ííî

î÷èùåí³ ïîë³êëîíàëüí³ àíòèò³ëà êðîëÿ ïðîòè rhIFN

�2b [8] ó êîíöåíòðàö³¿ 1 ìêã/ìë òà SPA-ÂAPmut – ó

êîíöåíòðàö³¿ 0,5 ìêã/ìë.

Ä î ò-á ë î ò à í à ë ³ ç. Íà í³òðîöåëþëîçíó ìåìá-

ðàíó Hybond-C Extra («Amersham Biosciences», Âå-

ëèêà Áðèòàí³ÿ) íàíîñèëè àíòèãåí rhIFN�2b ó ê³ëü-

êîñò³ 5–20 íã. Ï³ñëÿ áëîêóâàííÿ ì³ñöü íåñïåöèô³÷-

íîãî çâ’ÿçóâàííÿ áóôåðîì PBS + 3 % ìîëîêî (PBSM)

ìåìáðàíó ç ³ììîá³ë³çîâàíèìè á³ëêàìè ³íêóáóâàëè

ïðîòÿãîì 1 ãîä ç î÷èùåíèìè ïîë³êëîíàëüíèìè àí-

òèò³ëàìè êðîëÿ ïðîòè rhIFN�2b ó êîíöåíòðàö³¿
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1 ìêã/ìë. ßê íåãàòèâíèé êîíòðîëü íà ìåìáðàíó íà-

íîñèëè àíòèãåí rhExCD34 [9]. Ìåìáðàíó ïðîÿâëÿ-

ëè ç âèêîðèñòàííÿì SPA-ÂAPmut ó êîíöåíòðàö³¿

0,5 ìêã/ìë òà íåðîç÷èííîãî êîëîðèìåòðè÷íîãî ñóá-

ñòðàòó äëÿ ôîñôàòàçè BCIP-T/NBT («Sigma»).

Âèçíà÷åííÿ òåðìîñòàá³ëüíîñò³ çëèòîãî á³ëêà

SPA-ÂAÐmut. Àë³êâîòè î÷èùåíîãî çëèòîãî á³ëêà SPA-

BAPmut (1 ìã/ìë ó áóôåð³ 0,1 Ì òðèñ-HCl (ðÍ 9,5),

0,14 Ì NaCl, 15 ìÌ MgSO4) ³íêóáóâàëè çà òàêèõ

òåìïåðàòóð: +4, +50, +70, +85, +95, –20, –70 °Ñ ïðî-

òÿãîì 10 õâ. Ôåðìåíòàòèâíó àêòèâí³ñòü ëóæíî¿ ôîñ-

ôàòàçè òà ²gG-çâ’ÿçóâàëüíó àêòèâí³ñòü á³ëêà À âèç-

íà÷àëè â ELISA.

Ðåçóëüòàòè ³ îáãîâîðåííÿ. Îêð³ì àô³ííî¿ õðî-

ìàòîãðàô³¿, äëÿ âèÿâëåííÿ àíòèò³ë ³ ñïåöèô³÷íèõ àí-

òèãåí³â ïåðñïåêòèâíèì º âèêîðèñòàííÿ SPA, çëèòîãî

ç ìàðêåðíîþ ìîëåêóëîþ. Ï³ä ÷àñ âèáîðó îñòàííüî¿

áðàëè äî óâàãè òàê³ õàðàêòåðèñòèêè, ÿê âèñîêà ôåð-

ìåíòàòèâíà àêòèâí³ñòü, øèðîêèé ñïåêòð êîìåðö³é-

íî äîñòóïíèõ ñóáñòðàò³â, çíà÷íà òåðìîñòàá³ëüí³ñòü,

íåâåëèê³ ðîçì³ðè, ìîæëèâ³ñòü îòðèìóâàííÿ áàêòå-

ð³éíèì ñèíòåçîì ³ ñòàá³ëüí³ñòü ïðè êîí’þãàö³¿ ç ³í-

øèìè á³ëêàìè. Ó ê³íöåâîìó ï³äñóìêó îáðàíî ëóæíó

ôîñôàòàçó (AP – alkaline phosphatase), ÿêó øèðîêî

âèêîðèñòîâóþòü ïðè ñòâîðåíí³ ³ìóíîêîí’þãàò³â äëÿ

³ìóíîõ³ì³÷íèõ ìåòîä³â. Ëóæíà ôîñôàòàçà ññàâö³â

(MAP – mammalian alkaline phosphatase) õàðàêòåðè-

çóºòüñÿ âèñîêèì çíà÷åííÿì kcat (ïðèáëèçíî 2000 ñ–1)

³ òåðìîëàá³ëüí³ñòþ (Tm ~ 65 °Ñ) [4]. ²ìóíîêîí’þãàòè

ç ÌÀÐ çàçâè÷àé îäåðæóþòü õ³ì³÷íîþ êîí’þãàö³ºþ

[10]. Áàêòåð³éíà ëóæíà ôîñôàòàçà (BAP – bacterial

alkaline phosphatase) º ìåíø àêòèâíîþ, í³æ MAP,

çíà÷åííÿ kcat äëÿ íå¿ äîð³âíþº 65–80 ñ–1, îäíàê âîíà

á³ëüø òåðìîñòàá³ëüíà – Tm ñòàíîâèòü ~ 95 °Ñ. ²ìó-

íîêîí’þãàòè ç BAP ìîæíà îäåðæóâàòè ÿê òðàäè-

ö³éíîþ õ³ì³÷íîþ êîí’þãàö³ºþ, òàê ³ çðó÷í³øèì

ñïîñîáîì, òîáòî ãåííî-³íæåíåðíèì ïîºäíàííÿì ïî-

ñë³äîâíîñò³ BAP ³ç ïîñë³äîâí³ñòþ äåòåêòóþ÷î¿ ìî-

ëåêóëè. Âèñîêà òåðìîñòàá³ëüí³ñòü, çäàòí³ñòü äî óò-

âîðåííÿ ãåííî-³íæåíåðíèõ êîí’þãàò³â, à òàêîæ

ìîæëèâ³ñòü åôåêòèâíîãî îäåðæàííÿ òàêèõ êîí’þ-

ãàò³â ó àêòèâí³é ôîðì³ áàêòåð³éíèì ñèíòåçîì ðîá-

ëÿòü ÂÀÐ ïåðñïåêòèâíîþ àëüòåðíàòèâîþ ÌÀÐ. Ó

çâ’ÿçêó ç öèì ìè â³ääàëè ïåðåâàãó ÂÀÐ ÿê ìàðêåð-

í³é ìîëåêóë³ ç ï³äâèùåíîþ êàòàë³òè÷íîþ àêòèâí³-

ñòþ (ÂÀÐmut).

Ó ðåçóëüòàò³ ïîð³âíÿëüíîãî àíàë³çó ñòðóêòóðè

àêòèâíèõ öåíòð³â MAP òà BAP âèçíà÷åíî àì³íîêèñ-

ëîò³ çàì³íè, ÿê³ çíà÷íî ïîêðàùóþòü êàòàë³òè÷íó àê-

òèâí³ñòü îñòàííüî¿. Íàïðèêëàä, àì³íîêèñëîòí³ çàì³-

íè K328Í/D330N çá³ëüøóþòü ôåðìåíòàòèâíó àêòèâ-

í³ñòü BAP ó 3 ðàçè, D153H/K328Í, D153H/K328H/

D330N – ó 8 ðàç³â, D153H/D330N – äî 17 ðàç³â. Îäíàê

á³ëüø³ñòü ïåðåðàõîâàíèõ ìóòàö³é îäíî÷àñíî ç ï³ä-

âèùåííÿì ôåðìåíòàòèâíî¿ àêòèâíîñò³ ïðèçâîäÿòü

äî ñóòòºâîãî çìåíøåííÿ òåðìîñòàá³ëüíîñò³ ôåðìåí-

òó, ùî çíèæóº ö³íí³ñòü îñòàííüîãî ÿê ñêëàäîâî¿ ÷à-

ñòèíè ³ìóíîðåàãåíò³â. Ó ðîáîò³ [4] çíàéäåíî ìóòà-

ö³¿ D330N/D153G, ÿê³ çàáåçïå÷óþòü çá³ëüøåííÿ êà-

òàë³òè÷íî¿ àêòèâíîñò³ ÂÀÐ â³ä 17 äî 40 ðàç³â (çàëåæ-

íî â³ä ñêëàäó ³íêóáàö³éíîãî ñåðåäîâèùà) ³ ïðè öüî-

ìó íå âïëèâàþòü íà òåðìîñòàá³ëüí³ñòü ôåðìåíòó.

BAP ³ç çàçíà÷åíèìè âëàñòèâîñòÿìè (àì³íîêèñëîòí³

çàì³íè D330N/D153G) âèêîðèñòàíî äëÿ îòðèìàííÿ

SPA-ÂAPmut.

²íòåðàêòèâíèé äèçàéí õèìåðíîãî á³ëêà SPA-

ÂAÐmut ïðîâîäèëè ç óðàõóâàííÿì îñîáëèâîñòåé

ñòðóêòóðè îáîõ á³ëê³â-ïàðòíåð³â òà òîïîëîã³¿ ¿õí³õ

àêòèâíèõ öåíòð³â. Âñòàíîâëåíî, ùî îïòèìàëüíèì º

äèçàéí õèìåðíîãî á³ëêà, ÿêèé ïåðåäáà÷àº ïðèºäíàí-

íÿ ÂÀÐmut äî Ñ-ê³íöÿ SPA. Òàêå âçàºìîðîçòàøó-

âàííÿ çáåð³ãàº ôóíêö³îíàëüí³ âëàñòèâîñò³ ôîñôàòà-

çè, îñê³ëüêè ïðè öüîìó íå çàëó÷àºòüñÿ Ñ-ê³íåöü,

ÿêèé áåðå ó÷àñòü ó ôîðìóâàíí³ àêòèâíîãî öåíòðà.

Çàçíà÷åíå ðîçòàøóâàííÿ SPA â³äíîñíî ôåðìåíòó

íå çàâàæàº ïðîöåñó äèìåðèçàö³¿ ìîëåêóëè ôîñôàòà-

çè, ùî º íåîáõ³äíèì äëÿ ¿¿ ôóíêö³îíóâàííÿ òà çá³ëü-

øóº àâ³äí³ñòü óòâîðåíîãî ³ìóíîêîí’þãàòó ³, îòæå,

ï³äâèùóº éîãî ÷óòëèâ³ñòü (ðèñ. 1). Ó òîé ÷àñ ÿê ðîç-

ì³ùåííÿ ôîñôàòàçè íà N-ê³íö³ çëèòîãî ïàðòíåðà º

ïðè÷èíîþ âòðàòè ôóíêö³îíàëüíî¿ àêòèâíîñò³ îñòàí-

íüîãî [11].

Äëÿ áàêòåð³éíî¿ åêñïðåñ³¿ ïëàçì³äíèì âåêòîðîì

pET-24-SPA-ÂAPmut (Ìàòåð³àëè ³ ìåòîäè) òðàíñ-
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SPA

RBS

6His-tag

T7 term

T7 prom

NdeI NotI

ATG

BAPmut

XhoI

Ðèñ. 1. Ñõåìà ðîçòàøóâàííÿ åëåìåíò³â åêñïðåñóâàëüíî¿ êàñåòè

SPA-BAPmut ó âåêòîð³ pET-24a(+)



ôîðìóâàëè êë³òèíè E. coli øòàìó BL21(DE3) òà ³í-

äóêóâàëè ñèíòåç SPA-ÂAPmut çà ïðîòîêîëîì àó-

òî³íäóêö³¿ [6]. Åëåêòðîôîðåòè÷íèé àíàë³ç ë³çàò³â

áàêòåð³éíèõ êë³òèí ïîêàçàâ íàÿâí³ñòü ó íèõ ïðîäóê-

òó î÷³êóâàíî¿ ìîëåêóëÿðíî¿ ìàñè (~78 êÄà) (ðèñ. 2).

Ó ðåçóëüòàò³ åëåêòðîôîðåòè÷íîãî ðîçä³ëåííÿ ðîç-

÷èííî¿ ³ íåðîç÷èííî¿ ôðàêö³é á³ëê³â öèòîïëàçìè ïî-

êàçàíî, ùî SPA-ÂAPmut ñèíòåçóºòüñÿ â ðîç÷èíí³é

ôîðì³, ð³âåíü éîãî íàêîïè÷åííÿ ñòàíîâèòü 37 % â³ä

âì³ñòó ñóìàðíèõ á³ëê³â êë³òèí E. coli (~ 0,96 ã/ë áàê-

òåð³éíî¿ êóëüòóðè) ïðè îïòè÷í³é ù³ëüíîñò³ À600 =

= 16,3. Öå çíà÷åííÿ ìàéæå â 45 ðàç³â ïåðåâèùóº âè-

õ³ä àíàëîã³÷íîãî çëèòîãî á³ëêà SPA APK328A, îò-

ðèìàííÿ ÿêîãî îïèñàíî â ðîáîò³ [12].

Äëÿ îäåðæàííÿ êîí’þãàò³â òàêîãî òèïó çàñòîñî-

âóþòü êîìá³íàö³¿ íàñòóïíèõ ìåòîä³â: ðóéíóâàííÿ êë³-

òèí óëüòðàçâóêîì, öåíòðèôóãóâàííÿ, ³îíîîáì³ííó

õðîìàòîãðàô³þ, ãåëü-ô³ëüòðàö³þ, õðîìàòîãðàô³þ ã³ä-

ðîôîáíèõ âçàºìîä³é, ïðåöèï³òàö³þ, àô³ííó õðîìà-

òîãðàô³þ, äî ðå÷³, îñòàííÿ º ïðè÷èíîþ çíèæåííÿ

ôóíêö³îíàëüíî¿ àêòèâíîñò³ ôåðìåíòó âíàñë³äîê æîð-

ñòêèõ óìîâ åëþö³¿. Îñê³ëüêè SPA-ÂAPmut ì³ñòèòü

ãåíåòè÷íî ââåäåíó ïîñë³äîâí³ñòü His-tag, éîãî î÷è-

ùóâàëè íà ìåòàëîàô³ííîìó ñîðáåíò³ çà íàòèâíèõ

óìîâ. Äëÿ çíèæåííÿ íåñïåöèô³÷íî¿ ñîðáö³¿ ñóïóò-

í³õ á³ëê³â íà ñîðáåíò³, ùî ìîæå ìàòè ñóòòºâèé âïëèâ

íà ÷èñòîòó ê³íöåâîãî ïðîäóêòó, ñîðáåíò ïðîìèâàëè

áóôåðíèì ðîç÷èíîì, ÿêèé ì³ñòèòü 300 ìÌ NaCl òà

10 ìÌ ³ì³äàçîë.

Åëþö³þ ïðîâîäèëè áóôåðîì, êîíöåíòðàö³ÿ ³ì³-

äàçîëó â ÿêîìó ñòàíîâèòü 300 ìÌ. Çàçíà÷åí³ óìîâè

çàáåçïå÷óþòü îòðèìàííÿ SPA-ÂAPmut ç ÷èñòîòîþ

ïîíàä ~95 % (ðèñ. 2). Ï³ñëÿ î÷èùåííÿ SPA-ÂAPmut

ä³àë³çóâàëè ïðîòè áóôåðà, îïòèìàëüíîãî äëÿ ï³ä-

òðèìàííÿ ôåðìåíòàòèâíî¿ àêòèâíîñò³ ëóæíî¿ ôîñ-

ôàòàçè (Ìàòåð³àëè ³ ìåòîäè).

Óçàãàëüíåí³ äàí³ çà ðåçóëüòàòàìè î÷èùåííÿ SPA-

BAPmut íà ìåòàëîàô³ííîìó ñîðáåíò³ íàâåäåíî â òà-

áëèö³. Ïîêàçàíî, ùî âèêîðèñòàííÿ öüîãî ìåòîäó çà-

áåçïå÷óº îòðèìàííÿ SPA-BAPmut áåç ñóòòºâèõ âòðàò

ñàìîãî ïðîäóêòó (âèõ³ä ~91,6 %) ³ éîãî ôóíêö³î-

íàëüíî¿ àêòèâíîñò³.

Î÷èùåíèé SPA-ÂAPmut âèêîðèñòîâóâàëè ÿê

âòîðèííèé ³ìóíîðåàãåíò äëÿ âèÿâëåííÿ àíòèò³ë

(ELISA) òà àíòèãåíó (ELISA, äîò-áëîò). Âñòàíîâëå-

íî, ùî SPA-ÂAPmut äîñòîâ³ðíî âèÿâëÿº IgG ó êîí-

öåíòðàö³¿ ~500 íã/ìë òà ìåíøå ÿê 5 íã àíòèãåíó

(rhIFN�2b) (ðèñ. 3, 4). Êð³ì òîãî, íà â³äì³íó â³ä á³ëü-

øîñò³ ³ìóíîôåðìåíòíèõ ñèñòåì äåòåêö³¿, äå çàñòîñî-

âóþòü ñïåöèô³÷í³ ì³÷åí³ àíòèâèäîâ³ àíòèò³ëà, âèêî-

ðèñòàííÿ SPA-ÂAPmut äîçâîëÿº ðîçøèðèòè ä³àïà-

çîí ïåðâèííèõ àíòèò³ë (SPA ðîçï³çíàº Fc-ôðàãìåí-

òè IgG ëþäèíè, ìèø³, êðîëÿ, ìîðñüêî¿ ñâèíêè, áèêà).

Òàêîæ âèçíà÷àëè òåðìîñòàá³ëüí³ñòü çëèòîãî á³ë-

êà SPA-ÂAPmut. Äëÿ öüîãî àë³êâîòè SPA-ÂAPmut ç

îäíàêîâîþ êîíöåíòðàö³ºþ ³íêóáóâàëè çà ð³çíèõ

òåìïåðàòóð (Ìàòåð³àëè ³ ìåòîäè). ßê êîíòðîëü âè-

êîðèñòîâóâàëè SPA-ÂAPmut, îòðèìàíèé áåçïîñå-

ðåäíüî ïåðåä ïðîâåäåííÿì åêñïåðèìåíòó. ßê âèäíî

ç íàâåäåíî¿ íà ðèñ. 5 ä³àãðàìè, SPA-ÂAPmut íå âòðà-

÷àº ³ìóíîãëîáóë³íçâ’ÿçóâàëüíî¿ òà ôîñôàòàçíî¿ àê-
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1 2 3 4 5

Ðèñ. 2. Ñèíòåç SPA-ÂAPmut â êë³òèíàõ E. coli: 1 – á³ëêè – ìàðêåðè

ìîëåêóëÿðíî¿ ìàñè (130, 100, 70, 55, 40, 35, 25, 15 ³ 10 êÄà); 2 – òî-

òàëüíèé ë³çàò êë³òèí-ïðîäóöåíò³â, ó ÿêèõ ³íäóêóâàëè ñèíòåç SPA-

BAPmut; 3 – ôðàêö³ÿ íåðîç÷èííèõ á³ëê³â êë³òèíè; 4 – ôðàêö³ÿ ðîç-

÷èííèõ á³ëê³â êë³òèíè; 5 – SPA-BAPmut, î÷èùåíèé íà ìåòàëî-

àô³ííîìó ñîðáåíò³ òà ä³àë³çîâàíèé ïðîòè áóôåðà 0,1 Ì òðèñ-HCl,

0,14 Ì NaCl, 15 ìÌ MgSO
4
, ðÍ 9,5

Ôðàêö³ÿ Îá’ºì, ìë

Çàãàëüíà

ê³ëüê³ñòü

á³ëêà, ìã

Ôóíêö³îíàëüíà

àêòèâí³ñòü

ÂAPmut, %

Ðîç÷èíí³ á³ëêè

öèòîïëàçìè
10 6 100

Ï³ñëÿ î÷èùåííÿ

SPA-ÂAPmut íà

Ni-NTA-ñåôàðîç³

5,7 5,6
Íå

âèçíà÷àëè

Ï³ñëÿ çàì³íè áóôåðà

äëÿ åëþö³¿ íà áóôåð

äëÿ ÂAPmut

5,0 5,0 87

Î÷èùåííÿ SPA-BAPmut íà Ni-NTA ñåôàðîç³



òèâíîñò³ ïðè ³íêóáàö³¿ çà òåìïåðàòóðè äî 70 °Ñ, à

òàêîæ äîáðå âèòðèìóº âïëèâ íèçüêèõ òåìïåðàòóð

(ðèñ. 5). Âèñîêà òåðìîñòàá³ëüí³ñòü SPA-BAPmut ìàº

âàæëèâå ä³àãíîñòè÷íå çíà÷åííÿ, îñê³ëüêè çàçâè÷àé

êîìåðö³éíî äîñòóïí³ ³ìóíîêîí’þãàòè º äîñèòü òåð-

ìîëàá³ëüíèìè. Ïîêàçàíî, ùî SPA-ÂAPmut çáåð³ãàº

ôóíêö³îíàëüíó àêòèâí³ñòü ïðèíàéìí³ âïðîäîâæ 6 ì³-

ñÿö³â çà óìîâ çáåð³ãàííÿ ó 50 %-ìó ãë³öåðèí³ çà òåì-

ïåðàòóðè 4 °C ó â³äïîâ³äíîìó áóôåð³.

Ïîð³âíÿíî ç éîãî àíàëîãàìè ïðîïîíîâàíèé ³ìó-

íîêîí’þãàò ìàº âèùó ÷óòëèâ³ñòü çàâäÿêè çá³ëüøåí-

íþ ôåðìåíòàòèâíî¿ àêòèâíîñò³ ÂAP. Äî òîãî æ íà

ïðîòèâàãó òðàäèö³éíèì ³ìóíîðåàãåíòàì, îäåðæà-

íèì õ³ì³÷íîþ êîí’þãàö³ºþ, çàïðîïîíîâàíèé ðå-

êîìá³íàíòíèé õèìåðíèé á³ëîê SPA-ÂÀÐmut, îòðè-

ìàíèé ó ïðåïàðàòèâíèõ ê³ëüêîñòÿõ âíàñë³äîê äî-

ñèòü ïðîñòîãî ³ íåäîðîãîãî áàêòåð³éíîãî á³îñèíòåçó

ó ôóíêö³îíàëüíî àêòèâíîìó ñòàí³, äîçâîëÿº çíà÷íî

ñïðîñòèòè ìåòîäèêó éîãî ñèíòåçó òà çìåíøèòè âàð-

ò³ñòü ÿê ëàáîðàòîðíîãî, òàê ³ ïðîìèñëîâîãî îäåð-

æàííÿ ³ìóíîðåàãåíò³â ïîä³áíîãî òèïó.

Ïîºäíàííÿ ãåííî-³íæåíåðíèõ òåõíîëîã³é, âèñî-

êîïðîäóêòèâíèõ ñèñòåì åêñïðåñ³¿ òà î÷èùåííÿ ö³-

ëüîâîãî ïðîäóêòó äàñòü ìîæëèâ³ñòü çíà÷íî çíèçèòè

âàðò³ñòü îòðèìàííÿ ïîä³áíèõ ³ìóíîêîí’þãàò³â.
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K+ +4 KT �70 �20 +50 +70 +85 +95

OD405

0,0

0,5

1,5

2,0

2,5

3,0

3,5

Ðèñ. 5. Âïëèâ ð³çíèõ òåìïåðàòóð íà ôóíêö³îíàëüíó àêòèâí³ñòü

çëèòîãî á³ëêà SPA-ÂAPmut: K+ – SPA-BAPmut îäðàçó ï³ñëÿ âè-

ä³ëåííÿ ç êë³òèí E. coli; ÊÒ – ê³ìíàòíà òåìïåðàòóðà (äîáà); +4, +50,

+70, +85, +95, –70, –20
î
C (10 õâ)

IgG, ìêã/ìë IgG, íã/ìë

À 405

0,1 1 10 100

À405

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

à

98 0 195 0 391 0
0,00

0,05

0,10

0,15

0,20

0,25

0,30

0,35

0,40 á

Ðèñ. 3. Âèçíà÷åííÿ ì³í³-

ìàëüíî¿ êîíöåíòðàö³¿ IgG,

ÿêà äåòåêòóºòüñÿ çà âèêî-

ðèñòàííÿ SPA-ÂAPmut â

ELISA

20 10 5 Ê�

à á
À405

rhIFN�2b, íã
rhIFN�2b, íã

1 4 16 64 2560

0,0

0,4

0,8

1,2

1,6

2,0

Ðèñ. 4. Âèçíà÷åííÿ êîí-

öåíòðàö³¿ àíòèãåíó (rhIFN

�2b), ÿêà äåòåêòóºòüñÿ ç âè-

êîðèñòàííÿì SPA-ÂAPmut

â ELISA (à) äîò-áëîò³ (á)
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Summary

Aim. The creation of genetically engineered fusion protein SPA-

BAPmut and its application as a secondary immunoreagent in immuno-

assays. Methods. Gene cloning, PCR, electrophoresis, DNA sequen-

cing, bacteria cells culturing, protein expression and purification,

ELISA, Western-blotting were used. Results. The DNA sequences enco-

ding Staphylococcus aureus protein A (SPA) and bacterial alkaline

phosphatase with enhanced catalytic activity (BAPmut) were used for

construction of gene encoding fusion protein SPA-BAPmut that was

expressed in the high-productive Escherichia coli system and obtained

in a soluble form. Cultivation conditions to provide a high-level ex-

pression of SPA-ÂAPmut (> 1 g/l) were determined. The target protein

was obtained with purity more than 95 % using ²ÌÀÕ method. SPA-

ÂAPmut is thermostable, and both parts of fusion protein (SPA and

BAPmut) retain their IgG binding and alkaline phosphatase activity

for a long time. SPA-BAPmut was used as a substitute of secondary an-

tibodies in immunoassays. As little as 5 ng of the antigen could be de-

tected in Western blotting and 1 �g/ml of IgG in ELISA. Conclusions.

The possibility of using SPA-ÂAPmut as universal secondary immuno-

reagent for different types of immunoassays was shown.

Keywords: protein A, bacterial alkaline phosphatase, fusion pro-

tein, immunoassays.
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Êîíñòðóèðîâàíèå, ñèíòåç, ôóíêöèîíàëüíàÿ õàðàêòåðèñòèêà

è ïðàêòè÷åñêîå ïðèìåíåíèå ñëèòîãî áåëêà SPA-ÂAPmut

Ðåçþìå

Öåëü. Ñîçäàíèå ãåííî-èíæåíåðíîãî ñëèòîãî áåëêà SPA-BAPmut è

eãî èñïîëüçîâàíèå êàê âòîðè÷íîãî èììóíîðåàãåíòà â èììóíîëîãè-

÷åñêèõ òåñòàõ. Ìåòîäû. Êëîíèðîâàíèå ãåíîâ, ÏËÐ, ñåêâåíèðîâà-

íèå ÄÍÊ, êóëüòèâèðîâàíèå áàêòåðèé, ýëåêòðîôîðåç, áèîñèíòåç è

î÷èñòêà áåëêîâ, ELISA, âåñòåðí-áëîò. Ðåçóëüòàòû. Ñ èñïîëüçî-

âàíèåì ïîñëåäîâàòåëüíîñòåé ÄÍÊ, êîäèðóþùèõ áåëîê À Staphylo-

coccus aureus (SPA) è áàêòåðèàëüíóþ ùåëî÷íóþ ôîñôàòàçó ñ óëó÷-

øåííûìè êàòàëèòè÷åñêèìè ñâîéñòâàìè (BAPmut), ñêîíñòðóèðî-

âàí ãåí ñëèòîãî áåëêà SPA-BAPmut è îáåñïå÷åíî åãî ïðåïàðàòèâ-

íîå ïîëó÷åíèå â ðàñòâîðèìîé ôîðìå âñëåäñòâèå ñèíòåçà â êëåò-

êàõ Escherichia coli. Îïðåäåëåíû óñëîâèÿ ôåðìåíòàöèè, ïðè êîòî-

ðûõ âûõîä SPA-ÂAPmut ñîñòàâëÿåò îêîëî 1 ã/ë êóëüòóðû E. coli. Ñ

ïðèìåíåíèåì ìåòîäà ìåòàëëîàôôèííîé õðîìàòîãðàôèè öåëåâîé

áåëîê ïîëó÷åí ñ ÷èñòîòîé áîëåå 95 %. SPA-ÂAPmut òåðìîñòàáè-

ëåí, à îáà åãî êîìïîíåíòà (SPA è ÂAPmut) ñîõðàíÿþò èììóíîãëîáó-

ëèíñâÿçûâàþùóþ è ôîñôàòàçíóþ àêòèâíîñòü íà ïðîòÿæåíèè äëè-

òåëüíîãî âðåìåíè. SPA-BAPmut ïîçâîëÿåò äåòåêòèðîâàòü 5 íã àí-

òèãåíà è 1 ìêã/ìë àíòèòåë. Âûâîäû. Ïîêàçàíà âîçìîæíîñòü ïðè-

ìåíåíèÿ SPA-ÂAPmut êàê óíèâåðñàëüíîãî âòîðè÷íîãî èììóíîðåà-

ãåíòà â èììóíîõèìè÷åñêèõ òåñòàõ.

Êëþ÷åâûå ñëîâà: áåëîê À, áàêòåðèàëüíàÿ ùåëî÷íàÿ ôîñôàòà-

çà, ñëèòûé áåëîê, èììóíîäèàãíîñòèêà.
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