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500 ìëí/ñì3. Ïðèãîòîâëåííûé àíòèãåí èñïîëüçîâàëè äëÿ
èììóíèçàöèè âîëîâ-ïðîäóöåíòîâ â òå÷åíèå 10 äíåé ïðè
óñëîâèè õðàíåíèÿ ïðè òåìïåðàòóðå (6±2)°Ñ.

Ãèïåðèììóíèçàöèÿ âîëîâ-ïðîäóöåíòîâ. Ðîæèñòûé àí-
òèãåí âîëàì-ïðîäóöåíòàì ââîäÿò ïîäêîæíî â îáëàñòü øåè,
à ïðè ãèïåðèììóíèçàöèè ïðè áîëüøèõ äîçèðîâêàõ àíòèãåí
ââîäÿò âíóòðèìûøå÷íî â ðàçíûå ìåñòà âåðõíåé ÷àñòè òóëî-
âèùà, íî íå áëèæå çàäíåãî êðàÿ ëîïàòêè. Ïîâûøåíèå äîç
àíòèãåíà, òàê æå êàê â èíòåðâàë ìåæäó èíúåêöèÿìè, ìîæåò
êîëåáàòüñÿ â çàâèñèìîñòè îò îáùåé è ìåñòíîé ðåàêöèè ó
æèâîòíûõ â òå÷åíèå îò 4 äî 5 äíåé. Êàæäóþ ïîñëåäóþùóþ
èíúåêöèþ àíòèãåíà ïðîâîäÿò ïîñëå ñíèæåíèÿ òåìïåðàòóðû
ó æèâîòíîãî-äîíîðà äî íîðìàëüíîé.

Ãèïåðèììóíèçàöèÿ âîëîâ-ïðîäóöåíòîâ æèâîé ìàññû
äî 500 êã ïðîâîäÿò âîçðàñòàþùèìè äîçàìè àíòèãåíà, íà÷è-
íàÿ ñ 10 ñì3 è çàêàí÷èâàÿ ê 10-îé èíúåêöèè 250 ñì3 ñ
èíòåðâàëîì 4–5 äíåé [14]. Â ñëó÷àå ïîëó÷åíèÿ íåäîñòàòî÷-
íîé àêòèâíîñòè ñûâîðîòêè, ïîëó÷åííîé ïîñëå äåñÿòè èíúåê-
öèé, äîïîëíèòåëüíî ïðîâîäÿò 2 èíúåêöèè ïî 300 ñì3 àíòè-
ãåíà.  Æèâîòíûõ, äàâøèõ àêòèâíóþ ñûâîðîòêó ïîñëå 10 èëè
12 èíúåêöèé, äîïóñêàþò ê ýêñïëóàòàöèè. Êîíòðîëü îïûòíûõ
îáðàçöîâ ãèïåðèììóííîé ñûâîðîòêè, ïðèâåäåííûé ïî ñó-
ùåñòâóþùåé ìåòîäèêå, ïîêàçàë åå ïðèãîäíîñòü â âåòåðè-
íàðèè ïðè ëå÷åíèè ðîæèñòûõ çàáîëåâàíèé ó ñâèíåé.

Çàêëþ÷åíèå
Òàêèì îáðàçîì, ïðîâåäåííûå èññëåäîâàíèÿ ïîçâîëÿ-

þò çàêëþ÷èòü, ÷òî ïðè èñïîëüçîâàíèè âîëîâ â êà÷åñòâå
ïðîäóöåíòîâ, âîçìîæíî ïîëó÷èòü âûñîêîàêòèâíóþ ïðîòè-
âîðîæèñòóþ ñûâîðîòêó.

Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ ïîçâîëèë ïðåäëîæèòü
ñõåìó ãèïåðèììóíèçàöèè, êîòîðàÿ â îòëè÷èå îò ñóùåñòâóþ-
ùåé áîëåå ïðîñòà â èñïîëüçîâàíèè è ìåíåå òðóäîåìêà:

1) Ñîêðàùåíî êîëè÷åñòâî èíúåêöèé ñ 25 äî 10–12;
2) Ñîêðàùåíà äëèòåëüíîñòü öèêëà ãèïåðèììóíèçàöèè

íà 40–50 äíåé;
3) Àíòèãåí ââîäèòñÿ â ìàëûõ îáúåìàõ, 20 ìë âìåñòî

400–500 ìë;
4) Èñêëþ÷åíû âíóòðèâåííûå èíúåêöèè àíòèãåíà, êîòî-

ðûå íåðåäêî ÿâëÿþòñÿ ïðè÷èíîé àëëåðãè÷åñêèõ ðåàêöèé ó
ïðîäóöåíòîâ.

Ïðåäëîæåííàÿ ñõåìà àïðîáèðîâàíà â ïðîèçâîäñòâåí-
íûõ óñëîâèÿõ íà Àðìàâèðñêîé áèîôàáðèêå.
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àöèîííîé è áèîëîãè÷åñêîé áåçîïàñíîñòè", ã. Êàçàíü

Àííîòàöèÿ. Öåëüþ äàííîé ðàáîòû áûëî îïðåäåëåíèå
ñåðîëîãè÷åñêîé àêòèâíîñòè ðàçëè÷íûõ àíòèãåííûõ ôðàê-
öèé, ïîëó÷åííûõ èç øòàììà M.bovis Bovinus-8 ìåòîäîì
èììóíîáëîòà. Èññëåäîâàíèþ ïîäâåðãàëè ýêñòðàêò êëåòîê
ìèêîáàêòåðèé è âûäåëåííûå ïðîäóêòû ýêñïðåññèè èç ñó-
ïåðíàòàíòà æèäêîé ïèòàòåëüíîé ñðåäû ïîñëå 3-õ ìåñÿ÷íî-

ãî êóëüòèâèðîâàíèÿ. Ñåðîëîãè÷åñêóþ àêòèâíîñòü àíòèãåíîâ
èçó÷àëè â ðåàêöèè èììóíîáëîò ñ ãèïåðèììóííîé ñûâîðîò-
êîé êðîâè êðîëèêîâ.

Ïîëó÷åíû àíòèãåíû èç ýêñòðàêòà êëåòîê ñ øèðîêèì
ñïåêòðîì ñòðóêòóðíûõ êîìïîíåíòîâ, ðàñïðåäåëÿþùèìñÿ â
äèàïàçîíå ìîëåêóëÿðíûõ ìàññ îò 200 äî 6,5 êÄà, è ïðîäóêòû
ýêñïðåññèè êóëüòèâèðóåìûõ ìèêîáàêòåðèé M.bovis ñ äèàïà-
çîíîì îò 200 äî 16,1 êÄà. Â ðåçóëüòàòå ïîâåäåííûõ èññëå-
äîâàíèé âûÿâëåíî, ÷òî àíòèãåííûå ïðåïàðàòû êàê èç ýêñò-
ðàêòà êëåòîê M.bovis Bovinus-8, òàê è èõ ñåêðåòîðíûå ïðî-
äóêòû, îõâàòûâàþò øèðîêèé ñïåêòð äèàãíîñòè÷åñêè çíà÷è-
ìûõ àíòèãåíîâ, ÷òî â ñâîþ î÷åðåäü íå äîïóñêàåò ïðîÿâëå-
íèÿ ëîæíûõ îòðèöàòåëüíûõ ðåçóëüòàòîâ ïðè îöåíêå ñïåöè-
ôè÷åñêîãî ãóìîðàëüíîãî ïðîòèâîòóáåðêóëåçíîãî èììóíè-
òåòà. Ïî ðåçóëüòàòàì èììóíîáëîòà ñåðîëîãè÷åñêóþ àêòèâ-
íîñòü ñ ãèïåðèììóííîé ñûâîðîòêîé êðîâè ïðîÿâèëè ôðàê-
öèè àíòèãåíà, ïîëó÷åííûå èç æèäêîé êóëüòóðàëüíîé ñðåäû
ïîñëå êóëüòèâèðîâàíèÿ M.bovis Bovinus-8 (ïðîäóêòû ýêñï-
ðåññèè), ñ ìîëåêóëÿðíûìè ìàññàìè 50,5, 29,4, 22,4 è 20,6
êÄà, à òàêæå ôðàêöèè àíòèãåíà èç ýêñòðàêòà êëåòîê â äèàïà-
çîíå îò 82,3 äî 6,5 êÄà.

Êëþ÷åâûå ñëîâà: òóáåðêóëåç, àíòèãåíû, ýëåêòðîôî-
ðåç, èììóíîáëîò.
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Fractionation and serological activity of
Mycobacterium bovis  cell extract  and

secondary  metabolites
Shuralev E.A., Khaertynov K.S., Valeeva A.R.,

Aleksandrova N.M., Mukminov M.N.

The aim of this work was to determine the serological
activity of various fractions of the strain M.bovis Bovinus-8 using
the method of immunoblot. The extract of mycobacteria cells
and their expression products isolated from the supernatant
were used as antigens for serological studies. Serological
activity of the antigen was studied in the reaction of
immunoblotting with rabbit hyperimmune serum.

Antigens from the cell extracts with a wide range of structural
components that span a range of molecular masses from 200 to
6.5 kDa, and expression products of mycobacteria M.bovis
ranges from 200 to 16.1 kDa were isolated. It was found that the
range of preparations obtained from cell extracts of M.bovis
Bovinus-8 and their expression products covers the range of
diagnostically relevant antigens, which prevents obtaining false-
negative results in the evaluation of specific humoral immunity at
the tuberculosis pathogenesis. The fractions of the antigens
obtained from expression products of M.bovis Bovinus-8, with a
molecular mass of 50.5, 29.4, 22.4 and 20.6 kDa, and antigenic
material from the cell extracts which were active in the range from
82.3 to 6.5 kDa interacted with the positive hyperimmune serum.

Key words: tuberculosis, antigens, electrophoresis,
immunoblot.

Èììóíîëîãè÷åñêèå ìåòîäû â äèàãíîñòèêå èíôåêöèîí-
íûõ çàáîëåâàíèé òðåáóþò èñïîëüçîâàíèÿ áèîìàðêåðîâ ñ
âûñîêîé ÷óâñòâèòåëüíîñòüþ è ñïåöèôè÷íîñòüþ. Ïðîâåäå-
íèå íàó÷íûõ èññëåäîâàíèé â îáëàñòè ïðîòåîìèêè è èììó-
íîìèêè òóáåðêóëåçà ñîçäàåò ïðåäïîñûëêè ñîçäàíèÿ ýô-
ôåêòèâíûõ ñðåäñòâ äèàãíîñòèêè ýòîãî çàáîëåâàíèÿ [1–3], à
ïîñðåäñòâîì ìóëüòèàíòèãåííîãî ïîäõîäà óñèëèâàåòñÿ èõ
÷óâñòâèòåëüíîñòü è ñïåöèôè÷íîñòü [4,5]. Äèíàìèêà àíòèòå-
ëîîáðàçîâàíèÿ èìååò ñâîè îñîáåííîñòè, ÷òî ïðîÿâëÿåòñÿ â
ñèíòåçå ñïåöèôè÷åñêèõ àíòèòåë ê îïðåäåëåííûì ìèêîáàê-
òåðèàëüíûì àíòèãåíàì â çàâèñèìîñòè îò ñòàäèè ðàçâèòèÿ
òóáåðêóëåçíîãî èíôåêöèîííîãî ïðîöåññà [6–8]. Â ñâÿçè ñ
ýòèì îñîáîå âíèìàíèå óäåëÿåòñÿ ê ïîëó÷åíèþ è ñèíòåçó
àíòèãåíîâ, íàëè÷èå êîòîðûõ ìàêñèìàëüíî îòðàæàåò âñå
ñòàäèè ðàçâèòèÿ çàáîëåâàíèÿ [9–11].

Öåëüþ äàííîé ðàáîòû áûëî îïðåäåëåíèå ñåðîëîãè-
÷åñêîé àêòèâíîñòè ðàçëè÷íûõ ôðàêöèé øòàììà M.bovis
Bovinus-8 ìåòîäîì èììóíîáëîòà.

Ìàòåðèàëû è ìåòîäû
Ñóñïåíçèþ êëåòîê M.bovis Bovinus-8 ñìåøèâàëè ñ íå-

ïîëíûì àäúþâàíòîì Ôðåéíäà èç ðàñ÷åòà: 0,5 ìë êîíöåíò-
ðèðîâàííîé ñóñïåíçèè êëåòîê ìèêîáàêòåðèé, ñîäåðæàùåé

10 ÅÄ ìèêðîáíûõ òåë/ìë, 1 ìë ñòåðèëüíîãî ôèçèîëîãè÷åñ-
êîãî ðàñòâîðà è 1,5 ìë àäúþâàíòà. Äëÿ ïîëó÷åíèÿ àêòèâíûõ,
ñïåöèôè÷íûõ è âûñîêîàôôèííûõ ñûâîðîòîê êðîëèêîâ ìàñ-
ñîé 2,5–3 êã, êîòîðûõ èììóíèçèðîâàëè âíóòðèêîæíî ìíîãî-
òî÷å÷íî âäîëü ñïèíû (ïî 5 òî÷åê ñ êàæäîé ñòîðîíû). Â
êàæäóþ òî÷êó ââîäèëè ïî 0,1 ìë ïîäãîòîâëåííîãî àíòèãåí-
íîãî ìàòåðèàëà (ñóñïåíçèÿ êëåòîê M.bovis Bovinus-8). ×åðåç
8-10 íåäåëü ïîñëå ïåðâîãî öèêëà ïðîâîäèëè áóñòåð èíúåê-
öèþ ïóòåì ïîäêîæíîãî ââåäåíèÿ ñóñïåíçèè êëåòîê â íèæ-
íþþ òðåòü øåè ñ îáåèõ ñòîðîí   ïî 0,5 ìë. Íà 10 ñóò ïîñëå
ïîâòîðíîãî ââåäåíèÿ ñóñïåíçèè êëåòîê îñóùåñòâëÿëè òî-
òàëüíûé çàáîð êðîâè ñ ïîñëåäóþùèì îòäåëåíèåì ãèïåðèì-
ìóííîé ñûâîðîòêè.

Èññëåäîâàíèþ ïîäâåðãàëè ýêñòðàêò êëåòîê ìèêîáàêòå-
ðèé è âûäåëåííûå èç æèäêîñòè êóëüòóðàëüíîé ñðåäû ïðî-
äóêòû ýêñïðåññèè (ñåêðåòîðíûå àíòèãåíû). Îòìûòûå êëåòêè
îò îñòàòêîâ ïèòàòåëüíîé ñðåäû ðàçðóøàëè íà ïðèáîðå Fast
Prep-24 (MP Biomedicals) ñ èñïîëüçîâàíèåì ïðîáèðîê Blue
Lising Matrix (Tube 2,0 ìë) (MP Biomedicals). Áåëêîâûé ñïåêòð
âîçáóäèòåëÿ èçó÷àëè ìåòîäîì ýëåêòðîôîðåçà â 12,5% ïî-
ëèàêðèëàìèäíîì ãåëå (ÏÀÀÃ) ñ ïîñëåäóþùèì îêðàøèâàíè-
åì êóìàññè ÿðêî-ñèíèì è àçîòíîêèñëûì ñåðåáðîì.

Ñåðîëîãè÷åñêóþ àêòèâíîñòü óêàçàííûõ ôðàêöèé àíòè-
ãåííîãî ìàòåðèàëà îïðåäåëÿëè ìåòîäîì èììóíîáëîòà [12].
Ñ ýòîé öåëüþ ïðîâîäèëè ïåðåíîñ ìàòåðèàëà, ïîëó÷åííîãî
â ðåçóëüòàòå ôðàêöèîíèðîâàíèÿ â ïîëèàêðëàìèäíîì ãåëå,
íà íèòðîöåëëþëîçíóþ ìåìáðàíó (Suppoted nitrocellulose
membrane 0,45µm). Ðåçóëüòàòû ýëåêòðîôîðåçà è èììóíî-
áëîòà îáðàáàòûâàëè è âèçóàëèçèðîâàëè íà ïðèáîðå GelDoc
ÕR+ Sistem (BioRad), ñ ïîñëåäóþùåé èõ îáðàáîòêîé ñ èñ-
ïîëüçîâàíèåì ïðîãðàììû Image Lab âåðñèÿ 5.1.

Ðåçóëüòàòû è îáñóæäåíèå
Àêòèâíîñòü èììóííûõ ñûâîðîòîê îêàçûâàåò ñóùåñòâåí-

íîå âëèÿíèå íà ðåçóëüòàò ñåðîëîãè÷åñêèõ ðåàêöèé. Óðî-
âåíü ñïåöèôè÷åñêèõ àíòèòåë çàâèñèò îò ìíîæåñòâà ôàêòî-
ðîâ: êà÷åñòâà è êîëè÷åñòâà ââîäèìîãî àíòèãåíà, ñïîñîáà è
êðàòíîñòè ââåäåíèÿ, ïðèìåíåíèÿ âñïîìîãàòåëüíûõ âåùåñòâ.
Ïîäáîð àäåêâàòíîé ñõåìû èììóíèçàöèè ïîçâîëÿåò â êîðîò-
êèå ñðîêè ïîëó÷èòü ñûâîðîòêè ñ âûñîêèì òèòðîì àíòèòåë.
Èììóííûé îòâåò íà êàæäûé èíäèâèäóàëüíûé àíòèãåí ñïå-
öèôè÷åí. Ïðè ýòîì ïðîñëåæèâàåòñÿ çàâèñèìîñòü àíòèòå-
ëîãåíåçà îò äîçû ââîäèìîãî àíòèãåíà, êðàòíîñòè è ñïîñîáà
ââåäåíèÿ.

Ó êðîëèêîâ, ïîäâåðãíóòûõ ãèïåðèììóíèçàöèè, â ìåñòàõ
ââåäåíèÿ ñóñïåíçèè êóëüòóðû M.bovis Bovinus-8  íàáëþäà-
ëè âîñïàëèòåëüíóþ ðåàêöèþ. Ïðè âíóòðèêîæíîé èììóíèçà-
öèè â ìåñòàõ ââåäåíèÿ îáðàçîâûâàëñÿ èíôèëüòðàò, îòåê,
ãèïåðåìèÿ ñ öåíòðàëüíîé çîíîé èøåìèè, äàëåå ïåðåõîäÿ-
ùåé â íåêðîç. ×åðåç 7 íåäåëü îòìå÷àëàñü íîðìàëèçàöèÿ
ïðîöåññà. Ïðè ïîäêîæíîì ââåäåíèè íàáëþäàëîñü óâåëè÷å-
íèå ðåãèîíàðíûõ ëèìôàòè÷åñêèõ óçëîâ.
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Â õîäå ïðîâåäåíèÿ ôðàêöèîíèðîâàíèÿ ìåòîäîì ýëåêò-
ðîôîðåçà áûë âûÿâëåí øèðîêèé ñïåêòð ñòðóêòóðíûõ êîìïî-
íåíòîâ M.bovis Bovinus-8, êîòîðûé ðàñïðåäåëÿëñÿ â äèàïà-
çîíå ñ ìîëåêóëÿðíîé ìàññîé îò 200 äî 6,5 êÄà äëÿ ýêñòðàêòà
êëåòîê è îò 200 äî 16,1 êÄà äëÿ ïðîäóêòîâ ýêñïðåññèè  (ðèñ.
1). Ïîëó÷åííûå ðåçóëüòàòû óêàçûâàþò íà øèðîêèé ñïåêòð
âûÿâëåííûõ ïîòåíöèàëüíûõ àíòèãåíîâ êàê êëåòî÷íîé ñòåí-
êè, òàê è ñåêðåòèðóåìûõ M.bovis Bovinus-8 ïðîäóêòîâ.

Ïðè àíàëèçå ñåðîëîãè÷åñêîé àêòèâíîñòè ïîëó÷åííûõ
ôðàêöèé â èììóíîáëîòå âûÿâèëè íåñîâïàäåíèå ñ ðåçóëüòà-
òàìè àíàëèòè÷åñêîãî ýëåêòðîôîðåçà. Ñ ãèïåðèììóííîé ñû-
âîðîòêîé ðåàãèðîâàëè ïîëîæèòåëüíî íå âñå ôðàêöèè. Òàê,
ôðàêöèè àíòèãåíîâ èç ýêñòðàêòà êëåòîê ïðîÿâëÿëè àêòèâ-
íîñòü â çîíå îò 82,3 äî 6,5 êÄà, à ôðàêöèè, ïîëó÷åííûå èç
æèäêîé êóëüòóðàëüíîé ñðåäû (ïðîäóêòû ýêñïðåññèè), èìåëè
ìîëåêóëÿðíóþ ìàññó 50,5, 29,4, 22,4 è 20,6 êÄà (ðèñ. 2).

 Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî,
âåðîÿòíåå âñåãî, àíòèãåííîé àêòèâíîñòüþ îáëàäàþò ëèïèä-
íûå ñòðóêòóðû, à íå áåëêîâûå. Â ýòîì çàêëþ÷àåòñÿ îñîáåí-
íîñòü ñòðîåíèÿ ìèêîáàêòåðèàëüíîé êëåòî÷íîé ñòåíêè. Îä-
íàêî ñïåêòð ïîëó÷åííûõ ïðåïàðàòîâ îõâàòûâàåò êîìïëåêñ
äèàãíîñòè÷åñêè çíà÷èìûõ àíòèãåíîâ, ÷òî èñêëþ÷àåò ïîëó-
÷åíèå ëîæíîîòðèöàòåëüíûõ ðåçóëüòàòîâ ïðè èñïîëüçîâà-
íèè ýòèõ àíòèãåíîâ äëÿ îöåíêè ñïåöèôè÷åñêîãî ãóìîðàëü-
íîãî èììóíèòåòà ïðè òóáåðêóëåçå.

Çàêëþ÷åíèå
Ïîëó÷åíû àíòèãåíû èç ýêñòðàêòà êëåòîê ñ øèðîêèì ñïåê-

òðîì ñòðóêòóðíûõ êîìïîíåíòîâ, ðàñïðåäåëÿþùèìñÿ â äèà-
ïàçîíå ñ ìîëåêóëÿðíîé ìàññîé îò 200 äî 6,5 êÄà, è ïðîäóêòû
ýêñïðåññèè ìèêîáàêòåðèé M.bovis – îò 200 äî 16,1 êÄà.
Ïðîâåäåííûìè èññëåäîâàíèÿìè âûÿâëåíî, ÷òî àíòèãåííûå
ïðåïàðàòû êàê èç ýêñòðàêòà êëåòîê M.bovis Bovinus-8, òàê è èõ
ñåêðåòîðíûõ êîìïîíåíòîâ, îõâàòûâàåò øèðîêèé ñïåêòð äèàã-
íîñòè÷åñêè çíà÷èìûõ àíòèãåíîâ, ÷òî â ñâîþ î÷åðåäü íå
äîïóñêàåò ïðîÿâëåíèÿ ëîæíûõ îòðèöàòåëüíûõ ðåçóëüòàòîâ
ïðè îöåíêå ñïåöèôè÷åñêîãî ãóìîðàëüíîãî òóáåðêóëåçíîãî
èììóíèòåòà. Ñåðîëîãè÷åñêóþ àêòèâíîñòü ñ ãèïåðèììóííîé
ñûâîðîòêîé êðîâè,  ïîëó÷åííîé ïðîòèâ M.bovis Bovinus-8,
ïðîÿâèëè ôðàêöèè àíòèãåíà, ïîëó÷åííîãî èç æèäêîé ïèòà-
òåëüíîé ñðåäû (ïðîäóêòû ýêñïðåññèè) â òå÷åíèå 3 ìåñÿ÷íîãî
êóëüòèâèðîâàíèÿ   M.bovis Bovinus-8 ñ ìîëåêóëÿðíûìè ìàñ-
ñàìè â äèàïàçîíå óáûâàíèÿ 50,5, 29,4, 22,4 è 20,6 êÄà, à
òàêæå àíòèãåííûé ìàòåðèàë èç ýêñòðàêòà êëåòîê, êîòîðûé
ïðîÿâèë àêòèâíîñòü â äèàïàçîíå îò 82,3 äî 6,5 êÄà.
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