
 Æóðíàë "Âåòåðèíàðèÿ è êîðìëåíèå" # 6-2019

   15

 Journal "Veterinaria i kormlenie"

DOI CrossRef:10.30917/ATT-VK-1814-9588-2019-6-2
ÓÄÊ 619.616.993.192.6

Êëîíèðîâàíèå è ýêñïðåññèÿ
ðåêîìáèíàíòíîãî ïîëèïåïòèäà íà
îñíîâå áåëêà MSP1β Anaplasma
marginale â Escherichia coli

Êîâàëü÷óê Ñ.Í., ê.á.í., âðèî äèðåêòîðà,
s.n.kovalchuk@mail.ru
Ôåäîðèíà Å.À. , ê.á.í., ñòàðøèé íàó÷íûé ñîòðóäíèê,
efedorina@inbox.ru
Áóðñàêîâ Ñ.À., ê.á.í., ñòàðøèé íàó÷íûé ñîòðóäíèê,
sergeymoscu@gmail.com
Ôåäåðàëüíîå ãîñóäàðñòâåííîå áþäæåòíîå íàó÷íîå
ó÷ðåæäåíèå "Öåíòð ýêñïåðèìåíòàëüíîé ýìáðèîëîãèè è
ðåïðîäóêòèâíûõ áèîòåõíîëîãèé", 127422, Ìîñêâà, óë.
Êîñòÿêîâà, äîì 12, ñòð. 4, e-mail: info-ceerb@mail.ru

Êëþ÷åâûå ñëîâà: êðóïíûé ðîãàòûé ñêîò; àíàïëàçìîç;
Anaplasma marginale; ðåêîìáèíàíòíûé àíòèãåí; MSP1β

Ðåçþìå. Àíàïëàçìîç êðóïíîãî ðîãàòîãî ñêîòà - òðàíñ-
ìèññèâíîå èíôåêöèîííîå çàáîëåâàíèå, âûçûâàåìîå ðèê-
êåòñèÿìè Anaplasma marginale (ïîðÿäîê Riñkettsiales, ñå-
ìåéñòâî Anaplasmatacåa), ïðèíîñÿùåå çíà÷èòåëüíûé ýêî-
íîìè÷åñêèé óùåðá æèâîòíîâîä÷åñêèì õîçÿéñòâàì âñëåä-
ñòâèå ïîòåðü ìîëî÷íîé è ìÿñíîé ïðîäóêòèâíîñòè è ãèáåëè
ñêîòà. Àíàïëàçìîç ÊÐÑ çàðåãèñòðèðîâàí âî ìíîãèõ òðîïè-
÷åñêèõ è ñóáòðîïè÷åñêèõ ñòðàíàõ. Â Ðîññèéñêîé Ôåäåðàöèè
íåáëàãîïîëó÷íûìè ïî àíàïëàçìîçó ÿâëÿþòñÿ þæíûå ðàéî-
íû Ðîññèè, Òâåðñêàÿ, Òþìåíñêàÿ, Êèðîâñêàÿ îáëàñòè. Ðå-
øàþùóþ ðîëü â ïðåäîòâðàùåíèè ðàñïðîñòðàíåíèÿ àíàï-
ëàçìîçà êðóïíîãî ðîãàòîãî ñêîòà èãðàåò ðàííåå âûÿâëåíèå
èíôèöèðîâàííûõ æèâîòíûõ. Ðÿä áåëêîâ íàðóæíîé ìåìáðà-
íû A. marginale, òàêèå êàê MSP1α, MSP1β, MSP2, MSP3,
MSP4, MSP5 è VirB9 è VirB10, áûëè îõàðàêòåðèçîâàíû êàê
ïîòåíöèàëüíûå êàíäèäàòû íà ðîëü àíòèãåíîâ äëÿ ðàçðà-
áîòêè ìåòîäîâ ñåðîëîãè÷åñêîé äèàãíîñòèêè àíàïëàçìîçà
êðóïíîãî ðîãàòîãî ñêîòà è âàêöèí ïðîòèâ àíàïëàçìîçà ÊÐÑ.
Íà ñåãîäíÿøíèé äåíü äëÿ âûÿâëåíèÿ æèâîòíûõ, èíôèöèðî-
âàííûõ A. marginale, øèðîêî èñïîëüçóåòñÿ ÈÔÀ íà îñíîâå
ðåêîìáèíàíòíîãî àíòèãåíà MSP5. Íåäîñòàòêîì äàííîãî
ìåòîäà ÿâëÿåòñÿ åãî íèçêàÿ ñïåöèôè÷íîñòü âñëåäñòâèå
ïåðåêð¸ñòíîé ðåàêòèâíîñòè ñ A. ovis, A. centrale è A.
phagocytophilum, ÷òî íå ïîçâîëÿåò äèôôåðåíöèðîâàòü À.
marginale è ýòè íåïàòîãåííûå äëÿ êðóïíîãî ðîãàòîãî ñêîòà
âèäû àíàïëàçì. Öåëüþ äàííîé ðàáîòû áûëà ðàçðàáîòêà è
ïîëó÷åíèå ñïåöèôè÷íîãî äëÿ A. marginale ðåêîìáèíàíòíî-

ãî ïîëèïåïòèäà äëÿ åãî èñïîëüçîâàíèÿ â äàëüíåéøåì â
êà÷åñòâå àíòèãåíà ïðè ðàçðàáîòêå âûñîêîñïåöèôè÷íûõ ñå-
ðîëîãè÷åñêèõ ìåòîäîâ âûÿâëåíèÿ A. marginale. Áûëà ïîëó-
÷åíà ïëàçìèäà, ñîäåðæàùàÿ òðè ôðàãìåíòà ãåíà msp1β A.
marginale, ïðîâåäåíà åå ýêñïðåññèÿ â êëåòêàõ Escherichia
coli è ïîëó÷åí ðåêîìáèíàíòíûé ïîëèïåïòèä ñ ìîëåêóëÿðíîé
ìàññîé 26êÄà â íåðàñòâîðèìîé ôðàêöèè ëèçàòà E. coli.
Î÷èñòêó ðåêîìáèíàíòíîãî áåëêà ïðîâîäèëè ñ ïîìîùüþ
àôôèííîé õðîìàòîãðàôèè ñ ïîìîùüþ Ni-NTA-ñåôàðîçû.
Ïîëó÷åííûé íàìè ðåêîìáèíàíòíûé ïîëèïåïòèä íà îñíîâå
áåëêà MSP1β ìîæåò áûòü èñïîëüçîâàí äëÿ ðàçðàáîòêè
âûñîêîñïåöèôè÷íûõ ñåðîëîãè÷åñêèõ ìåòîäîâ âûÿâëåíèÿ
A. marginale.
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Abstract. Bovine anaplasmosis is a transmissible infectious
disease caused by Anaplasma marginale (Riskettsiales:
Anaplasmacea), causing significant economic losses in many
countries due to the high morbidity and mortality in cattle herds.
Bovine anaplasmosis was registered in many tropical and
subtropical countries. In Russian Federation the most
disadvantaged regions for anaplasmosis are the southern regions
of Russia,Tver, Tyumen, and Kirov regions. Earlier detection of
infected animals plays a crucial role in preventing the distribution
of bovine anaplasmosis. A number of outer membrane proteins,
such as MSP1α, MSP1β, MSP2, MSP3, MSP4, MSP5 and VirB9
and VirB10, have been described as potential candidates for the
role of antigens for the development of serological methods of
bovine anaplasmosis diagnosis and vaccines against bovine
anaplasmosis. To date, ELISA based on the recombinant MSP5
antigen is the widely used method for detection of animals
infected with A. marginale. The disadvantage of this assay is its
low specificity due to cross-reactivity with A. ovis, A. centrale
and A. phagocytophilum, that does not allow differentiation of A.
marginale and these non-pathogenic for cattle Anaplasma
species. The aim of this work was to develop and obtain a
specific for A. marginale recombinant polypeptide to use it as an
antigen in serological method of A. marginale detection. A
plasmid containing three fragments of the A. marginale msp1β
gene was constructed, expressed in Escherichia coli cells, and
a recombinant polypeptide with a molecular weight of 26 kDa
was obtained in the insoluble fraction of E. coli lysate. Purification
of the recombinant protein was performed using affinity
chromatography with Ni-NTA-Sepharose. The obtained
recombinant polypeptide could be used to develop highly specific
serological method for A. marginale detection.
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Ââåäåíèå
Anaplasma marginale (ïîðÿäîê Riñkettsiales, ñåìåéñòâî

Anaplasmatacåa), îáëèãàòíûé âíóòðèýðèòðîöèòàðíûé ïàòî-
ãåí, ÿâëÿåòñÿ âîçáóäèòåëåì àíàïëàçìîçà êðóïíîãî ðîãàòî-
ãî ñêîòà, ðàñïðîñòðàí¸ííîãî ïî âñåìó ìèðó è íàíîñÿùåãî
ñåðüåçíûé ýêîíîìè÷åñêèé óùåðá [1, 11]. Áûëî ïîêàçàíî, ÷òî
èììóíèçàöèÿ æèâîòíûõ î÷èùåííûìè íàðóæíûìè ìåìáðà-
íàìè âûçûâàåò çàùèòó îò îñòðîé èíôåêöèè A. marginale
[24]. Ðÿä áåëêîâ íàðóæíîé ìåìáðàíû (MSP - major surface
proteins), òàêèå êàê MSP1α, MSP1β, MSP2, MSP3, MSP4,
MSP5 è VirB9 è VirB10, áûëè îõàðàêòåðèçîâàíû êàê ïîòåíöè-
àëüíûå êàíäèäàòû íà ðîëü àíòèãåíîâ äëÿ ïðîèçâîäñòâà
âàêöèí ïðîòèâ A. marginale è äëÿ ñåðîëîãè÷åñêîé äèàãíîñ-
òèêè àíàïëàçìîçà êðóïíîãî ðîãàòîãî ñêîòà [19,12,25].

Áåëêè MSP1α (105 êÄà) è MSP1β (100 êÄà) îáðàçóþò
êîìïëåêñ MSP1 è ÿâëÿþòñÿ àäãåçèíàìè äëÿ ýðèòðîöèòîâ
ÊÐÑ [13,14]. Ïðè ýòîì áåëîê MSP1α ÿâëÿåòñÿ àäãåçèíîì A.
marginale êàê äëÿ áû÷üèõ ýðèòðîöèòîâ, òàê è äëÿ êëåòîê
êëåùåé - îñíîâíûõ ïåðåíîñ÷èêîâ àíàïëàçì, â òî âðåìÿ êàê
MSP1β ÿâëÿåòñÿ  àäãåçèíîì èñêëþ÷èòåëüíî äëÿ ýðèòðîöè-
òîâ ÊÐÑ [5]. MSP1α êîäèðóåòñÿ îäíèì ãåíîì msp1α ó âñåõ
øòàììîâ A. marginale, òîãäà êàê áåëîê MSP1β êîäèðóåòñÿ
íåñêîëüêèìè ãåíàìè (msp1β1 è msp1β2) [19]. Âñå øòàììû A.
marginale ñîäåðæàò êîíñåðâàòèâíûé ýïèòîï, ðàñïîçíàâàå-
ìûé ìîíîêëîíàëüíûìè àíòèòåëàìè [20,3]. Áåëêîâûé êîìï-
ëåêñ MSP1 èíäóöèðóåò èíòåíñèâíóþ ïðîëèôåðàöèþ ìîíî-
íóêëåàðíûõ êëåòîê ïåðèôåðè÷åñêîé êðîâè è CD4+ Ò-êëåòîê
ó êðóïíîãî ðîãàòîãî ñêîòà, èíîêóëèðîâàííûõ ãîìîëîãè÷íû-
ìè è ãåòåðîëîãè÷íûìè èçîëÿòàìè À. marginale [18,4]. Ïðî-
ëèôåðàöèÿ ìîíîíóêëåàðíûõ êëåòîê ñâÿçàíà ñ ó÷àñòèåì
êîíñåðâàòèâíûõ ýïèòîïîâ Ò-êëåòîê, êîòîðûå ñòèìóëèðóþò
ïîâûøåíèå óðîâíÿ èíòåðôåðîíà γ.

Íà ñåãîäíÿøíèé äåíü ðàçðàáîòàíî íåñêîëüêî èììóíî-
ëîãè÷åñêèõ ìåòîäîâ äëÿ âûÿâëåíèÿ æèâîòíûõ, èíôèöèðî-
âàííûõ À. marginale, òàêèå êàê ðåàêöèÿ ñâÿçûâàíèÿ êîìïëå-
ìåíòà (complement fixation -CF) [7], ïëàñòèí÷àòàÿ ðåàêöèÿ
àããëþòèíàöèè [15], èììóííîôåðìåíòíûé àíàëèç (enzyme-
linked immunosorbent assay - ELISA) [7,16,10] è íåïðÿìîé
ìåòîä ôëóîðåñöèðóþùèõ àíòèòåë (indirect fluorescent
antibody test (IFAT) [22]. Êîíêóðåíòíûé èììóííîôåðìåíò-
íûé àíàëèç (C-ELISA) ñ èñïîëüçîâàíèåì ðåêîìáèíàíòíîãî
àíòèãåíà rMSP5 è MSP5-ñïåöèôè÷íûõ ìîíîêëîíàëüíûõ
àíòèòåë (MAb) ÿâëÿåòñÿ íàèáîëåå ÷óâñòâèòåëüíûì ìåòî-
äîì äëÿ âûÿâëåíèÿ èíôèöèðîâàííûõ æèâîòíûõ [9,21,23].
Áåëîê MSP5 (ñåìåéñòâî SCO1/SenC) îáíàðóæåí ó âñåõ
ðèêêåòñèé (Rickettsiales). Âñå ïðîòåñòèðîâàííûå øòàììû A.
marginale, à òàêæå A. centrale, A. ovis è A. phagocytophilum,
ýêñïðåññèðóþò àíòèãåí MSP5 è èíäóöèðóþò âûðàáîòêó ó
êðóïíîãî ðîãàòîãî ñêîòà àíòèòåë ïðîòèâ èììóíîäîìèíàíò-
íîãî ýïèòîïà, ðàñïîçíàâàåìîãî MSÐ5-ñïåöèôè÷íûìè MAb
[6]. Íåäîñòàòêîì äàííîãî ìåòîäà ÿâëÿåòñÿ åãî íèçêàÿ ñïå-
öèôè÷íîñòü âñëåäñòâèå ïåðåêð¸ñòíîé ðåàêòèâíîñòè ñ A.
ovis, A. centrale è A. phagocytophilum,  ÷òî íå ïîçâîëÿåò
äèôôåðåíöèðîâàòü À. marginale è ýòè íåïàòîãåííûå äëÿ
êðóïíîãî ðîãàòîãî ñêîòà âèäû àíàïëàçì [6,23].

Öåëüþ ðàáîòû áûëà ðàçðàáîòêà è ïîëó÷åíèå ðåêîìáè-
íàíòíîãî ïîëèïåïòèäà íà îñíîâå áåëêà MSP1β, êîòîðûé â
äàëüíåéøåì ìîæåò áûòü èñïîëüçîâàí êàê àíòèãåí äëÿ ðàç-
ðàáîòêè âûñîêîñïåöèôè÷íûõ ñåðîëîãè÷åñêèõ ìåòîäîâ âû-
ÿâëåíèÿ Anaplasma marginale.

Ìàòåðèàëû è ìåòîäû
Â ðàáîòå èñïîëüçîâàëè øòàììû E. coli DH5α è Rosetta

(DE3). Øòàììû êóëüòèâèðîâàëè íà ñðåäå LB áåç àíòèáèîòè-
êîâ èëè ñ äîáàâëåíèåì 100 ìêã/ìë àìïèöèëëèíà. Â êà÷åñòâå
âåêòîðà äëÿ êëîíèðîâàíèÿ è ýêñïðåññèè èñïîëüçîâàëè ïëàç-
ìèäó pET22b(+) (Novagen, ÑØÀ).

Àìïëèêîíû ôðàãìåíòîâ ãåíà msp1β A. marginale ïîëó-
÷àëè ñ ïîìîùüþ ÏÖÐ, äëÿ ÷åãî áûëè ñêîíñòðóèðîâàíû òðè
ïàðû ïðàéìåðîâ. Äëÿ àíàëèçà ãåíà msp1β áûëè èñïîëüçî-
âàíû ïîñëåäîâàòåëüíîñòè, ïðèíàäëåæàùèå ðàçíûì èçîëÿ-
òàì A. marginale äîñòóïíûå â áàçå äàííûõ GeneBank (http://
www.ncbi.nlm.nih.gov/genbank/). Ïðàéìåðû ñîäåðæàëè íà 5′-
êîíöàõ ñàéòû óçíàâàíèÿ ýíäîíóêëåàçàìè ðåñòðèêöèè, èñïîëü-

çóåìûå äëÿ êëîíèðîâàíèÿ àìïëèêîíîâ. Â êà÷åñòâå ìàòðèöû â
ÏÖÐ èñïîëüçîâàëàñü ÄÍÊ, âûäåëåííàÿ èç îáðàçöà êðîâè
êîðîâû, èíôèöèðîâàííîé A. marginale, ÷òî áûëî ïîäòâåðæäå-
íî ðåçóëüòàòàìè ÏÖÐ è ñåêâåíèðîâàíèåì [2].

Ïðîäóêòû PCR àíàëèçèðîâàëè ñ ïîìîùüþ ýëåêòðîôî-
ðåçà â 1% àãàðîçíîì ãåëå, âèçóàëèçèðîâàëè ñ ïîìîùüþ UV
(òðàíñèëëþìèíàòîð). Ôðàãìåíòû ÄÍÊ âûäåëÿëè èç ãåëÿ ñ
ïîìîùüþ Cleanup Mini Kit (Åâðîãåí, Ðîññèÿ).

Ïëàçìèäíóþ ÄÍÊ âûäåëÿëè ñ ïîìîùüþ íàáîðà Plasmid
Miniprep (Åâðîãåí, Ðîññèÿ). Ðåñòðèêöèþ è ëèãèðîâàíèå
ôðàãìåíòîâ ÄÍÊ ïðîâîäèëè ñ ïîìîùüþ ñîîòâåòñòâóþùèõ
ýíäîíóêëåàç ðåñòðèêöèè è Ò4 ÄÍÊ- ëèãàçû ñîãëàñíî ðåêî-
ìåíäàöèÿì ïðîèçâîäèòåëåé.

Òðàíñôîðìàöèþ E. coli ïðîâîäèëè ìåòîäîì òåïëîâîãî
øîêà. Ïîèñê êîëîíèé E. coli, ñîäåðæàùèõ ïëàçìèäó ñ öåëå-
âîé âñòàâêîé, ïðîâîäèëè ìåòîäîì ÏÖÐ ñ èñïîëüçîâàíèåì
ïàðû ñòàíäàðòíûõ ïðàéìåðîâ T7dir, T7rev. Ñåêâåíèðîâàíèå
ïðîâîäèëîñü ïî ìåòîäó Ñýíãåðà (Åâðîãåí, Ðîññèÿ).

Ïîëó÷åíèå è î÷èñòêà ðåêîìáèíàíòíîãî ïîëèïåïòèäà.
Íî÷íóþ êóëüòóðó êëåòîê E. coli Rosetta, ñîäåðæàùèõ ðåêîì-
áèíàíòíóþ ïëàçìèäó pET22b-rBeta, âûðàùèâàëè ïðè 37°Ñ â
5 ìë ñðåäû LB ñ 100 ìêã/ìë àìïèöèëëèíà. Çàòåì êóëüòóðó
ïåðåñåâàëè â ðàçâåäåíèè 1:100 â ñâåæóþ ñðåäó LB, ñîäåð-
æàùóþ àíòèáèîòèê, è âûðàùèâàëè ïðè 37°Ñ äî ÎÏ600 = 0,6,
ïîñëå ÷åãî â íåå âíîñèëè èçîïðîïèë-β-D-1-òèîãàëàêòîïèðî-
íàçèä (ÈÏÒÃ) äî êîíå÷íîé êîíöåíòðàöèè 1 ìÌ äëÿ èíäóêöèè
ýêñïðåññèè. Êóëüòóðó èíêóáèðîâàëè â òå÷åíèå 16 ÷àñîâ ïðè
30 °Ñ ñ èíòåíñèâíîé àýðàöèåé, êëåòêè îñàæäàëè öåíòðèôó-
ãèðîâàíèåì (5000 îá./ìèí, 15 ìèí) è õðàíèëè ïðè -20°Ñ äëÿ
ïîñëåäóþùåãî âûäåëåíèÿ áåëêîâ. ×àñòü áèîìàññû àíà-
ëèçèðîâàëè ìåòîäîì ýëåêòðîôîðåçà â ïîëèàêðèëàìèäíîì
ãåëå ïî Ëýììëè. Êëåòêè ñóñïåíäèðîâàëè â 300 ìêë áóôåðà
Òðèñ HCl pH 7.5 ñ 100mM ôåíèëìåòèëñóëüôîíèë ôòîðèäà
(PMSF) è ðàçðóøàëè ñ ïîìîùüþ óëüòðàçâóêà íà Q125 ñîíè-
êàòîðå (Qsonica, USA). Äåáðèñ îñàæäàëè öåíòðèôóãèðîâà-
íèåì.

Âûäåëåíèå è î÷èñòêó ðåêîìáèíàíòíîãî ïîëèïåïòèäà èç
áèîìàññû êëåòîê E. coli îñóùåñòâëÿëè ñ ïîìîùüþ àôôèí-
íîé õðîìàòîãðàôèè íà êîëîíêå ñ Ni-NTA-ñåôàðîçîé.

Ðåçóëüòàòû è îáñóæäåíèå
Íà îñíîâàíèè àíàëèçà ïîñëåäîâàòåëüíîñòåé ãåíà

msp1β, êîäèðóþùåãî áåëîê âíåøíåé ìåìáðàíû A. marginale,
íàìè áûëè ïîäîáðàíû ïðàéìåðû äëÿ ïîëó÷åíèÿ ôðàãìåí-
òîâ ãåíà, ñïîñîáíûõ âûñòóïàòü â ðîëè àíòèãåíà. Äëÿ ïîñëå-
äóþùåãî êëîíèðîâàíèÿ àìïëèêîíîâ íà 5′-êîíöàõ êàæäîãî
ïðàéìåðà áûë âíåñåí ñàéò óçíàâàíèÿ ðåñòðèêòàçîé. Àìïëè-
êîí ôðàãìåíòà 1 (269 ï.î.) áûë âûðåçàí èç àãàðîçíîãî ãåëÿ,
î÷èùåí, ïîñëå ÷åãî îáðàáîòàí ýíäîíóêëåàçàìè ðåñòðèêöèè
NcoI è BamHI. Ïî òåì æå ñàéòàì ðåñòðèêöèè ôðàãìåíò
âñòðàèâàëè â ýêñïðåññèðóþùèé âåêòîð pET22b(+) ñ ïîìî-
ùüþ ÄÍÊ-ëèãàçû ôàãà Ò4. Ëèãàçíîé ñìåñüþ òðàíñôîðìèðî-
âàëè êîìïåòåíòíûå êëåòêè E. coli DH5α. Ïîëó÷åííûå àìïè-
öèëëèí-ðåçèñòåíòíûå êëîíû àíàëèçèðîâàëè ñ ïîìîùüþ
ÏÖÐ íà íàëè÷èå  ðåêîìáèíàíòíûõ ïëàçìèä ñ öåëåâîé âñòàâ-
êîé. Èç ïîëîæèòåëüíûõ êëîíîâ âûäåëÿëè ïëàçìèäíóþ ÄÍÊ.
Îäíà èç ïîëó÷åííûõ ðåêîìáèíàíòíûõ ïëàçìèä pET22b(+)-
fr1 èñïîëüçîâàëàñü â äàëüíåéøåì â êà÷åñòâå âåêòîðà. Àì-
ïëèôèöèðîâàííûé ôðàãìåíò 2 ãåíà msp1β áûë êëîíèðîâàí
â ýòîé ïëàçìèäå ïî ñàéòàì ðåñòðèêöèè BamHI SalI. Íà
ñëåäóþùåì ýòàïå ðàáîòû áûëà èñïîëüçîâàíà îäíà èç ïîëó-
÷åííûõ òàêèì îáðàçîì ðåêîìáèíàíòíûõ ïëàçìèä pET22b(+)-
fr1-fr2, ñîäåðæàùàÿ îáà ôðàãìåíòà ãåíà. Ôðàãìåíò 3 msp1β
áûë âñòðîåí â íåå ïî ñàéòàì SalI XhoI. Ïîñëå òðàíñôîðìà-
öèè E. coli èç ÏÖÐ-ïîëîæèòåëüíûõ êëîíîâ, íåñóùèõ âñòàâêó,
ñîñòîÿùóþ èç òðåõ ôðàãìåíòîâ ãåíà msp1β, áûëà âûäåëåíà
ïëàçìèäíàÿ ÄÍÊ. Áûëî îáíàðóæåíî òðè êëîíà ñ ïëàçìèäîé,
ñîäåðæàùèõ öåëåâóþ âñòàâêó. Ñòðóêòóðà âñòàâêè áûëà ïîä-
òâåðæäåíà ñ ïîìîùüþ ñåêâåíèðîâàíèÿ.

Îòîáðàííûå ïî ðåçóëüòàòàì ñèêâåíñà ãèáðèäíûå ïëàç-
ìèäû, íàçâàííûå pET22-rBeta, èññëåäîâàëè íà ñïîñîá-
íîñòü ïðîäóöèðîâàòü ðåêîìáèíàíòíûé ïîëèïåïòèä. Äëÿ
ýòîãî áûë èñïîëüçîâàí øòàìì E. coli Rosetta (DE3), â êîòî-
ðûé ïåðåíåñëè ãèáðèäíóþ êîíñòðóêöèþ ñ ïîìîùüþ òðàíñ-
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ôîðìàöèè. Âûáðàííûå êëîíû, ñîäåðæàùèå ðåêîìáèíàíò-
íóþ ïëàçìèäó pET22-rBeta, èññëåäîâàëè íà èíäóöèðóåìóþ
ïðîäóêöèþ ðåêîìáèíàíòíîãî ïîëèïåïòèäà ìåòîäîì ýëåêò-
ðîôîðåçà ëèçàòîâ êëåòîê â ïîëèàêðèëàìèäíîì ãåëå. Ïðè-
ìåð òàêîãî àíàëèçà ïðåäñòàâëåí íà ðèñ.1. Ïîñëå èíäóêöèè
ÈÏÒÃ ñèíòåç ïðîäóêòà íàáëþäàëñÿ â òðåõ èññëåäîâàííûõ
êëîíàõ. Ìîëåêóëÿðíàÿ ìàññà ðåêîìáèíàíòíîãî áåëêà ñî-
ñòàâëÿëà ïðèìåðíî 26êÄà, ÷òî ñîîòâåòñòâîâàëî ðàñ÷åòíîé.
Äëÿ îïðåäåëåíèÿ ëîêàëèçàöèè ðåêîìáèíàíòíîãî ïîëèïåï-
òèäà ýëåêòðîôîðåçó ïîäâåðãàëè ðàñòâîðèìóþ è íåðàñòâî-
ðèìóþ ôðàêöèè êëåòîê, ðàçäåëåííûõ öåíòðèôóãèðîâàíè-
åì. Ïî ðåçóëüòàòàì ýëåêòðîôîðåçà, öåëåâîé ïîëèïåïòèä
âûÿâëåí ãëàâíûì îáðàçîì â íåðàñòâîðèìîé ôðàêöèè (òåëü-
öàõ âêëþ÷åíèÿ) (ðèñ.1).

Íà ñëåäóþùåì ýòàïå ðàáîòû áûë ïîëó÷åí î÷èùåííûé
ïîëèïåïòèä. Êëîíèðîâàííûé ðåêîìáèíàíòíûé ïîëèïåïòèä
ñîäåðæèò íà Ñ-êîíöå øåñòü îñòàòêîâ ãèñòèäèíà (6His-tag),
÷òî ïîçâîëÿåò âûäåëåíèå è î÷èñòêó ñ ïîìîùüþ ìåòàëë-
õåëàòíîé àôôèííîé õðîìàòîãðàôèè. Äëÿ âûäåëåíèÿ ïîëè-

ïåïòèäà èç òåëåö âêëþ÷åíèÿ áèîìàññó êëåòîê äâóêðàòíî
ïðîìûâàëè ïîñëå ðåñóñïåíäèðîâàíèÿ â 10 ìÌ Tris-HCl
áóôåðå, pH 8.0 è ðàçðóøàëè íà Q125 ñîíèêàòîðå (Qsonica,
USA) (22 kÃö, 15 ìèí) â ïðèñóòñòâèè 2 Ì NaCl, 10 ìÌ
äèòèîòðåéòîëà (DTT) è 1 ìÌ ôåíèëìåòèëñóëüôîíèë ôòî-
ðèäà (PMSF).

Ñìåñü èíêóáèðîâàëè â òå÷åíèå 1,5 ÷àñîâ ïðè êîìíàòíîé
òåìïåðàòóðå è ïîâòîðÿëè îáðàáîòêó óëüòðàçâóêîì. Ñóïåð-
íàòàíò óäàëÿëè è îñàäîê, ñîäåðæàùèé òåëüöà âêëþ÷åíèÿ,
ïðîìûâàëè 50 ìÌ TrisCl-ôîñôàòíûì áóôåðîì pH 8,5 ñ
ïîñëåäóþùèì ðàñòâîðåíèåì â 15 ìë 8 Ì ìî÷åâèíû, ñîäåð-
æàùåé 50 ìÌ TrisCl-ôîñôàòíûé áóôåð pH 8,5 è 1 ìÌ DTT.
Ðàñòâîðåííûé ïîëèïåïòèä, íàíîñèëè íà êîëîíêó (GE
Healthcare HisTrap™ HP, Fisher Scientific).

Ïîñëå ñîîòâåòñòâóþùåãî ïðîìûâàíèÿ áóôåðîì äëÿ
íàíåñåíèÿ 50 ìÌ TrisCl-ôîñôàòíûì áóôåðîì pH 8,0, ñî-
äåðæàùåãî 8Ì ìî÷åâèíó, è 50 ìÌ TrisCl-ôîñôàòíûì áóôå-
ðîì pH 6,3 ñ 8Ì ìî÷åâèíîé äëÿ ïðîìûâàíèÿ, ïîëèïåïòèä
ñìûâàëè 50 ìÌ TrisCl-ôîñôàòíûì áóôåðîì pH 4,5 ñ 8Ì
ìî÷åâèíîé è êîíöåíòðèðîâàëè íà öåíòðèêîíå 10000 (Amicon
Ultra-4, Merck). Î÷èùåííûé ïîëèïåïòèä àíàëèçèðîâàëè ñ
ïîìîùüþ ýëåêòðîôîðåçà â ïîëèàêðèëàìèäíîì ãåëå äëÿ
îïðåäåëåíèÿ åãî ÷èñòîòû è ãîìîãåííîñòè (ðèñ. 2).

Òàêèì îáðàçîì, áûëà ñêîíñòðóèðîâàíà ðåêîìáèíàíò-
íàÿ ïëàçìèäà íà îñíîâå âåêòîðà pET22b(+), ñîäåðæàùàÿ
òðè ïîñëåäîâàòåëüíî êëîíèðîâàííûõ ôðàãìåíòà ãåíà
msp1β, êîäèðóþùåãî áåëîê âíåøíåé ìåìáðàíû A. marginale,
è ñïîñîáíàÿ ê ýôôåêòèâíîé ýêñïðåññèè ðåêîìáèíàíòíîãî
ïîëèïåïòèäà â E. coli. Áûë ïîëó÷åí è î÷èùåí ðåêîìáèíàí-
òíûé ïîëèïåïòèä íà îñíîâå áåëêà MSP1β, êîòîðûé ìîæåò
áûòü èñïîëüçîâàí äëÿ ïîñëåäóþùåé ðàçðàáîòêè âûñîêî-
ñïåöèôè÷íûõ ñåðîëîãè÷åñêèõ ìåòîäîâ âûÿâëåíèÿ
Anaplasma marginale.
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