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Ɋɟɡɸɦɟ 
 
ɂɞɟалɶɧая ɞɢаɝɧɨɫɬɢɱɟɫɤая ɮлуɨрɟɫɰɟɧɬɧая ɧаɧɨɦɟɬɤа ɞɨлɠɧа ɫɨɫɬɨяɬɶ ɢɡ ɧаɧɨɤрɢɫɬалла ɫ ɦаɤɫɢɦалɶ-

ɧɨ ɜɨɡɦɨɠɧɨɣ ярɤɨɫɬɶɸ ɫɜɟɱɟɧɢя ɢ ɜыɫɨɤɨɫɩɟɰɢɮɢɱɧɨɣ раɫɩɨɡɧаɸɳɟɣ ɦɨлɟɤулы ɦɢɧɢɦалɶɧɨ ɜɨɡɦɨɠɧɨɝɨ 
раɡɦɟра. ɉрɢ эɬɨɦ ɜɫɟ раɫɩɨɡɧаɸɳɢɟ ɦɨлɟɤулы, ɫɜяɡаɧɧыɟ ɫ ɩɨɜɟрɯɧɨɫɬɶɸ ɧаɧɨɤрɢɫɬалла, ɞɨлɠɧы ɛыɬɶ ɨрɢ-
ɟɧɬɢрɨɜаɧы ɨɞɢɧаɤɨɜыɦ ɨɛраɡɨɦ – ɬаɤ, ɱɬɨɛы ɢɯ ɰɟɧɬры ɫɜяɡыɜаɧɢя ɛылɢ ɞɨɫɬуɩɧы ɞля ɜɡаɢɦɨɞɟɣɫɬɜɢя ɫ аɧ-
ɬɢɝɟɧаɦɢ ɢ ɧɟ ɛылɢ ɛлɨɤɢрɨɜаɧы ɩɨɜɟрɯɧɨɫɬɶɸ ɧаɧɨɤрɢɫɬалла. 

əрɤɨɫɬɶ ɩɨлуɩрɨɜɨɞɧɢɤɨɜыɯ ɮлуɨрɟɫɰɟɧɬɧыɯ ɧаɧɨɤрɢɫɬаллɨɜ «ɤɜаɧɬɨɜыɯ ɬɨɱɟɤ» ɛɨлɟɟ ɱɟɦ ɧа ɩɨряɞɨɤ 
ɩрɟɜыɲаɟɬ ярɤɨɫɬɶ луɱɲɢɯ ɨрɝаɧɢɱɟɫɤɢɯ ɮлɸɨрɨɮɨрɨɜ, ɨɧɢ ɜ ɬыɫяɱɢ раɡ ɛɨлɟɟ ɮɨɬɨɫɬаɛɢлɶɧы ɢ ɮлуɨрɟɫɰɟɧ-
ɰɢя ɤɜаɧɬɨɜыɯ ɬɨɱɟɤ раɡɧыɯ ɰɜɟɬɨɜ ɦɨɠɟɬ ɛыɬɶ ɜɨɡɛуɠɞɟɧа ɫɜɟɬɨɦ ɨɞɧɨɣ ɞлɢɧы ɜɨлɧы. В ɬɨɠɟ ɜрɟɦя, ɦɨɧɨ-
ɦɟрɧыɟ ɨɞɧɨɞɨɦɟɧɧыɟ аɧɬɢɬɟла, ɧаɢɦɟɧɶɲɢɟ ɮуɧɤɰɢɨɧалɶɧыɟ ɟɞɢɧɢɰы аɧɬɢɬɟл, ɩрɨɢɡɜɨɞɢɦыɯ ɤаɦɟлɨɢɞаɦɢ 
ɢ аɤулаɦɢ, ɜ 12 раɡ ɦɟɧɶɲɟ ɩɨлɧɨраɡɦɟрɧыɯ ɦɨɧɨɤлɨɧалɶɧыɯ аɧɬɢɬɟл ɢ, ɩрɢ ɫраɜɧɢɦɨɣ аɮɮɢɧɧɨɫɬɢ, ɨɬлɢɱа-
ɸɬɫя ɜыɞаɸɳɟɣɫя ɫɬаɛɢлɶɧɨɫɬɶɸ ɢ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ рɟɮɨлɞɢɧɝу. 

В ɧаɫɬɨяɳɟɣ раɛɨɬɟ ɧаɦɢ ɩɨлуɱɟɧы ɨрɢɟɧɬɢрɨɜаɧɧыɟ ɤɨɧɴɸɝаɬы ɨɞɧɨɞɨɦɟɧɧыɯ аɧɬɢɬɟл ɫ ɜɨɞɨраɫɬɜɨ-
рɢɦыɦɢ ɤɜаɧɬɨɜыɦɢ ɬɨɱɤаɦɢ. Выɫɨɤая ɨрɢɟɧɬаɰɢя аɧɬɢɬɟл ɧа ɩɨɜɟрɯɧɨɫɬɢ ɧаɧɨɤрɢɫɬалла ɛыла ɞɨɫɬɢɝɧуɬа ɡа 
ɫɱɟɬ ɜɜɟɞɟɧɢя ɜ ɫɬруɤɬуру аɧɬɢɬɟл ɞɨɩɨлɧɢɬɟлɶɧɨɝɨ C-ɤɨɧɰɟɜɨɝɨ аɦɢɧɨɤɢɫлɨɬɧɨɝɨ ɨɫɬаɬɤа, ɫ ɩɨɫлɟɞуɸɳɢɦ 
ɩрɨɜɟɞɟɧɢɟɦ рɟаɤɰɢɢ ɫɜяɡыɜаɧɢя аɧɬɢɬɟл ɫ ɧаɧɨɱаɫɬɢɰаɦɢ ɢɦɟɧɧɨ ɱɟрɟɡ эɬɨɬ ɨɫɬаɬɨɤ. 

ɉɨлуɱɟɧɧыɟ ɞɢаɝɧɨɫɬɢɱɟɫɤɢɟ ɦɟɬɤɢ ɢɫɩɨлɶɡɨɜаɧы ɞля ɜыɫɨɤɨɱуɜɫɬɜɢɬɟлɶɧɨɣ ɞɟɬɟɤɰɢɢ ɊЭА in vitro ɦɟ-
ɬɨɞɨɦ ɩрɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬрɢɢ. ɉɨɤаɡаɧа ɜɨɡɦɨɠɧɨɫɬɶ ɜыяɜлɟɧɢя ɦалыɯ ɤɨлɢɱɟɫɬɜ ɊЭА+ ɤлɟɬɨɤ лɢɧɢɢ MC38 
(ɤɨлɨрɟɤɬалɶɧɨɣ аɞɟɧɨɤарɰɢɧɨɦы ɦыɲɢ) ɜ ɫɦɟɫɢ ɫ ɊЭА– ɤлɟɬɤаɦɢ. ɉрɟɞɩɨлаɝаɟɬɫя, ɱɬɨ ɱуɜɫɬɜɢɬɟлɶɧɨɫɬɶ ɞɢ-
аɝɧɨɫɬɢɤɢ ɫ ɢɫɩɨлɶɡɨɜаɧɢɟɦ ɫɨɡɞаɧɧыɯ ɧаɧɨɦɟɬɨɤ ɧɨɜɨɝɨ ɩɨɤɨлɟɧɢя ɦɨɠɟɬ ɛыɬɶ ɫуɳɟɫɬɜɟɧɧɨ ɩɨɜыɲɟɧа ɡа 
ɫɱɟɬ ɨɩɬɢɦɢɡаɰɢɢ уɫлɨɜɢɣ ɜɨɡɛуɠɞɟɧɢя ɢɯ ɮлуɨрɟɫɰɟɧɰɢɢ, а ɜɨɡɦɨɠɧɨɫɬɶ ɨɞɧɨɜрɟɦɟɧɧɨɝɨ ɜɨɡɛуɠɞɟɧɢя ɮлуɨ-
рɟɫɰɟɧɰɢɢ ɧаɧɨɤрɢɫɬаллɨɜ раɡɧыɯ ɰɜɟɬɨɜ ɩɨɡɜɨляɟɬ раɡраɛɨɬаɬɶ ɫɢɫɬɟɦы ɜыɫɨɤɨɩрɨɢɡɜɨɞɢɬɟлɶɧɨɣ ɞɟɬɟɤɰɢɢ 
ɛɨлɶɲɨɝɨ ɤɨлɢɱɟɫɬɜа ɨɧɤɨɦарɤɟрɨɜ ɜ ɦɢɧɢɦалɶɧɨɦ ɨɛɴɟɦɟ ɫыɜɨрɨɬɤɢ ɤрɨɜɢ. 
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Abstract 
 
An ideal diagnostic fluorescent nanoprobe should comprise a nanocrystal with the highest possible fluorescence 

brightness and a highly specific capture molecule, which should be as small as possible. Furthermore, all capture mole-
cules linked to the nanocrystal should be so oriented that their antigen-binding centers be accessible for antigens and not 
blocked by the nanocrystal surface. 

The brightness of fluorescence nanocrystals, so-called QDs, is more than an order of magnitude higher than that of the 
best organic fluorophores; QDs are thousands of times more photostable; and fluorescence of QDs of different colors can be 
excited by light of the same wavelength. The monomeric single-domain antibodies (sdAbs), the smallest known antigen-
recognizing molecules, which are derived from immunoglobulins of camelids and sharks, are 12 times smaller than full-size 
antibodies while preserving about the same affinity for antigens. They are also extremely stable and capable of refolding. 

We have obtained oriented conjugates of sdAbs with water-soluble QDs. The desirable orientation of sdAbs rela-
tive to the nanocrystal surface was ensured by adding an amino acid residue to the C-end of the antibody peptide chain 
and subsequently linking the antibody to the nanocrystal through this residue. 
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The resultant diagnostic probes have been used for highly sensitive detection of CEA in vitro by means of flow 
cytometry. This technique has been demonstrated to detect minor amounts of CEA+ MC38 cells in a mixture with CEA– 
cells. There are grounds to believe that the sensitivity of diagnosis using the novel nanoprobes can be substantially en-
hanced by optimizing the mode of excitation of their fluorescence. The possibility to simultaneously excite fluorescence 
of QDs of different colors allows systems for high-throughput detection of multiple cancer markers in a single, small 
serum sample to be developed. 

 
Key words: quantum dots, single-domain antibodies, carcinoembryonic antigen, diagnostic probes. 
 
Ввɟɞɟɧɢɟ 
 
КɌ – ɧɨɜыɣ ɤлаɫɫ ɮлуɨрɨɮɨрɨɜ, ɤɨɬɨрыɟ 

ɩрɟɞɫɬаɜляɸɬ ɫɨɛɨɣ ɧɟɨрɝаɧɢɱɟɫɤɢɟ ɧаɧɨɤрɢɫɬал-
лы раɡɦɟрɨɦ 2–10 ɧɦ, ɫɨɫɬɨяɳɢɟ ɢɡ ɩɨлуɩрɨɜɨɞɧɢ-
ɤɨɜɨɝɨ яɞра ɢ ɨɛɨлɨɱɤɢ, ɡаɳɢɳаɸɳɟɣ ɟɝɨ ɨɬ ɨɤɢɫ-
лɟɧɢя [10]. В ɨɬлɢɱɢɟ ɨɬ ɨрɝаɧɢɱɟɫɤɢɯ ɮлуɨрɨɮɨ-
рɨɜ, ɬраɞɢɰɢɨɧɧɨ ɢɫɩɨлɶɡуɟɦыɯ ɜ ɤлɢɧɢɱɟɫɤɨɣ 
ɞɢаɝɧɨɫɬɢɤɟ, КɌ ɨɛлаɞаɸɬ ряɞɨɦ ɩрɟɢɦуɳɟɫɬɜ: ɨɧɢ 
ɢɦɟɸɬ уɡɤɢɣ, ɫɢɦɦɟɬрɢɱɧыɣ ɫɩɟɤɬр эɦɢɫɫɢɢ ɢ ɲɢ-
рɨɤɢɣ ɫɩɟɤɬр ɜɨɡɛуɠɞɟɧɢя, ɱɬɨ ɩɨɡɜɨляɟɬ ɢɫɩɨлɶ-
ɡɨɜаɬɶ ɨɞɢɧ ɢɫɬɨɱɧɢɤ ɢɡлуɱɟɧɢя ɞля ɨɞɧɨɜрɟɦɟɧ-
ɧɨɝɨ ɜɨɡɛуɠɞɟɧɢя ɮлуɨрɟɫɰɟɧɰɢɢ КɌ раɡɧыɯ ɰɜɟ-
ɬɨɜ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɨɞɨɛɧыɟ ɫɜɨɣɫɬɜа ɩɨɡɜɨляɸɬ 
ɨɞɧɨɜрɟɦɟɧɧɨ ɜыяɜɢɬɶ ɧɟɫɤɨлɶɤɨ ɛɢɨɦарɤɟрɨɜ ɜ 
ɨɞɧɨɦ ɨɛраɡɰɟ, ɢɫɩɨлɶɡуя ɞля ɢɯ ɜɢɡуалɢɡаɰɢɢ КɌ 
раɡɧыɯ ɰɜɟɬɨɜ [1]. КɌ ɨɛлаɞаɸɬ ɬаɤɠɟ уɧɢɤалɶɧы-
ɦɢ ɮɨɬɨɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜаɦɢ: ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɢɯ ɮлуɨрɟɫɰɟɧɰɢɢ ɛɨлɟɟ ɱɟɦ ɜ ɫɬɨ раɡ, а ɮɨɬɨɫɬа-
ɛɢлɶɧɨɫɬɶ ɜ ɧɟɫɤɨлɶɤɨ ɬыɫяɱ раɡ ɜыɲɟ, ɱɟɦ ɨрɝа-
ɧɢɱɟɫɤɢɯ ɮлуɨрɨɮɨрɨɜ [11]. Ⱦля ɩрɢɦɟɧɟɧɢя КɌ ɜ 
ɛɢɨлɨɝɢɱɟɫɤɢɯ ɢ ɦɟɞɢɰɢɧɫɤɢɯ ɰɟляɯ [2; 9] ɢɯ ɩɨ-
ɜɟрɯɧɨɫɬɶ ɦɨɞɢɮɢɰɢруɸɬ ɫ ɬɟɦ, ɱɬɨɛы ɩрɢɞаɬɶ ɢɦ 
ɫɬаɛɢлɶɧɨɫɬɶ ɜ ɜɨɞɧыɯ ɫрɟɞаɯ ɢ ɛɢɨлɨɝɢɱɟɫɤɢɯ 
ɠɢɞɤɨɫɬяɯ ɢ ɬɤаɧяɯ. ɉрɢ эɬɨɦ ɞля ɮɨрɦɢрɨɜаɧɢя 
ɞɨɩɨлɧɢɬɟлɶɧɨɣ ɩɨлярɧɨɣ ɨɛɨлɨɱɤɢ ɧа ɩɨɜɟрɯɧɨ-
ɫɬɢ КɌ ɢɫɩɨлɶɡуɸɬ ɫɨɟɞɢɧɟɧɢя, ɫɨɞɟрɠаɳɢɟ раɡ-
лɢɱɧыɟ ɮуɧɤɰɢɨɧалɶɧыɟ ɝруɩɩы (ɤаɤ ɩраɜɢлɨ, 
ɝɢɞрɨɤɫɢлɶɧыɟ, ɤарɛɨɤɫɢлɶɧыɟ ɢлɢ аɦɢɧɨɝруɩɩы), 
ɱɬɨ ɩɨɡɜɨляɟɬ ɜарɶɢрɨɜаɬɶ ɡаряɞ ɩɨɜɟрɯɧɨɫɬɢ ɩɨ-
луɱɟɧɧыɯ ɱаɫɬɢɰ, а ɬаɤɠɟ ɨɫуɳɟɫɬɜляɬɶ ɢɯ ɯɢɦɢɱɟ-
ɫɤуɸ ɫɲɢɜɤу ɫ раɡлɢɱɧыɦɢ ɛɢɨлɨɝɢɱɟɫɤɢɦɢ раɫɩɨ-
ɡɧаɸɳɢɦɢ ɦɨлɟɤулаɦɢ – ɛɟлɤаɦɢ, ɩɟɩɬɢɞаɦɢ, ɨлɢ-
ɝɨɧуɤлɟɨɬɢɞаɦɢ. Ɍаɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨляɟɬ ɩɨлуɱаɬɶ 
ɞɢаɝɧɨɫɬɢɱɟɫɤɢɟ ɮлуɨрɟɫɰɟɧɬɧыɟ ɧаɧɨɦɟɬɤɢ, ɨɛ-
лаɞаɸɳɢɟ ɱрɟɡɜыɱаɣɧɨ ɜыɫɨɤɢɦɢ ярɤɨɫɬɶɸ ɢ ɮɨ-
ɬɨɫɬаɛɢлɶɧɨɫɬɶɸ. Крɨɦɟ ɬɨɝɨ, раɡраɛɨɬаɧɧыɟ ɦɟ-
ɬɨɞы ɤɨɧɴɸɝаɰɢɢ КɌ ɫ аɧɬɢɬɟлаɦɢ ɩɨɡɜɨляɸɬ ɩɨ-
луɱɢɬɶ ɰɟлыɣ ɧаɛɨр ɦɟɬɨɤ ɞля ɜыяɜлɟɧɢя ɦɧɨɠɟɫɬ-
ɜа аɧɬɢɝɟɧɨɜ. 

Ɂа ɩɨɫлɟɞɧɢɟ 15 лɟɬ ɧɟɩрɟрыɜɧɨ раɫɲɢряɟɬ-
ɫя ɩрɢɦɟɧɟɧɢɟ ɛɢɨɤɨɧɴɸɝаɬɨɜ КɌ ɜ ɤаɱɟɫɬɜɟ ɞɢаɝ-
ɧɨɫɬɢɱɟɫɤɢɯ ɦɟɬɨɤ ɜ ɢɦɦуɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɢɯ ɢ 
ɰɢɬɨɯɢɦɢɱɟɫɤɢɯ ɢɫɫлɟɞɨɜаɧɢяɯ [5; 6]. Каɤ ɩраɜɢлɨ, 
ɞля эɬɢɯ ɰɟлɟɣ ɩрɢɦɟɧяɸɬ ɤɨɧɴɸɝаɬы КɌ ɫ ɦɨɧɨ-
ɤлɨɧалɶɧыɦɢ аɧɬɢɬɟлаɦɢ ɢлɢ ɫɬрɟɩɬаɜɢɞɢɧɨɦ ɜ 
ɤɨɦɛɢɧаɰɢɢ ɫ ɛɢɨɬɢɧɢлɢрɨɜаɧɧыɦɢ аɧɬɢɬɟлаɦɢ. 
Ȼɨлɶɲɢɧɫɬɜɨ аɜɬɨрɨɜ ɨɬɦɟɱаɸɬ, ɱɬɨ ɢɫɩɨлɶɡɨɜаɧɢɟ 
КɌ ɩɨɡɜɨляɟɬ ɞɨɛɢɬɶɫя ɛɨлɶɲɟɣ ɱуɜɫɬɜɢɬɟлɶɧɨɫɬɢ 
ɩɨ ɫраɜɧɟɧɢɸ ɫɨ ɫɬаɧɞарɬɧыɦɢ ɦɟɬɨɞаɦɢ ɢɦɦу-
ɧɨɨɤраɲɢɜаɧɢя [12;13]. 

ɇаɫɬɨяɳая раɛɨɬа ɩɨɫɜяɳɟɧа ɩɨлуɱɟɧɢɸ ɢ 
ɩрɢɦɟɧɟɧɢɸ ɜ ɰɢɬɨɦɟɬрɢɱɟɫɤɢɯ ɢɫɫлɟɞɨɜаɧɢяɯ 
ɤɨɦɩаɤɬɧыɯ ɞɢаɝɧɨɫɬɢɱɟɫɤɢɯ ɦɟɬɨɤ ɧа ɨɫɧɨɜɟ 
ɤɨɧɴɸɝаɬɨɜ КɌ ɫ ɨɞАɬ – ɬаɤ ɧаɡыɜаɟɦыɦɢ «ɧаɧɨ-
аɧɬɢɬɟлаɦɢ», ɫɩɟɰɢɮɢɱɧыɦɢ ɤ ɊЭА. Ɍаɤɢɟ аɧɬɢɬɟ-
ла ɩрɟɞɫɬаɜляɸɬ ɫɨɛɨɣ ɜарɢаɛɟлɶɧыɟ ɞɨɦɟɧы ɧɟɤа-
ɧɨɧɢɱɟɫɤɢɯ ɞɜуɯɰɟɩɨɱɟɱɧыɯ аɧɬɢɬɟл (рɢɫ. 1), ɤɨɬɨ-
рыɟ ɜыраɛаɬыɜаɸɬɫя ɜ ɨрɝаɧɢɡɦаɯ ɧɟɤɨɬɨрыɯ ɜɢ-
ɞɨɜ ɠɢɜɨɬɧыɯ (ɩрɟɞɫɬаɜɢɬɟлɟɣ ɫɟɦɟɣɫɬɜа ɜɟрɛлɸ-
ɞɨɜыɯ). ɇɟɤаɧɨɧɢɱɟɫɤɢɟ аɧɬɢɬɟла ɫɨɫɬɨяɬ ɬɨлɶɤɨ 
ɢɡ ɞɜуɯ ɬяɠɟлыɯ ɰɟɩɟɣ, ɜ ɨɬлɢɱɢɟ ɨɬ ɩɨлɧɨраɡɦɟр-

ɧыɯ ɢɦɦуɧɨɝлɨɛулɢɧɨɜ, ɜ ɫɨɫɬаɜ ɤɨɬɨрыɯ ɜɯɨɞяɬ 
ɞɜɟ ɬяɠɟлыɟ ɢ ɞɜɟ лɟɝɤɢɟ ɰɟɩɢ [4]. Аɧɬɢɝɟɧ-
ɫɜяɡыɜаɸɳɢɣ уɱаɫɬɨɤ ɬаɤɢɯ аɧɬɢɬɟл ɫɨɫɬɨɢɬ ɢɡ 
ɨɞɧɨɝɨ ɜарɢаɛɟлɶɧɨɝɨ ɞɨɦɟɧа VhH ɢ ɩрɟɞɫɬаɜляɟɬ 
ɫɨɛɨɣ ɧаɢɦɟɧɶɲɢɣ ɢɡ ɢɡɜɟɫɬɧыɯ ɧа ɫɟɝɨɞɧяɲɧɢɣ 
ɞɟɧɶ ɮраɝɦɟɧɬɨɜ, ɨɛлаɞаɸɳɢɯ ɮуɧɤɰɢɨɧалɶɧɨɣ 
аɤɬɢɜɧɨɫɬɶɸ аɧɬɢɬɟл. ɈɞАɬɈɞАɬ ɩɨлуɱаɸɬ ɝɟɧɧɨ-
ɢɧɠɟɧɟрɧыɦ ɦɟɬɨɞɨɦ ɧа ɨɫɧɨɜɟ ɩɨɫлɟɞɨɜаɬɟлɶɧɨ-
ɫɬɢ ɜарɢаɛɟлɶɧыɯ ɞɨɦɟɧɨɜ ɧɟɤаɧɨɧɢɱɟɫɤɢɯ аɧɬɢ-
ɬɟл. В ɨɬлɢɱɢɟ ɨɬ ɨɛыɱɧыɯ ɦɨɧɨɤлɨɧалɶɧыɯ аɧɬɢ-
ɬɟл ɫ ɦɨлɟɤулярɧɨɣ ɦаɫɫɨɣ ɩɨряɞɤа 150 ɤȾа, ɨɞАɬ 
ɢɦɟɸɬ ɦɨлɟɤулярɧуɸ ɦаɫɫу ɜɫɟɝɨ ɨɤɨлɨ 13 ɤȾа ɢ 
ɫɨɫɬɨяɬ ɢɡ ɩрɢɛлɢɡɢɬɟлɶɧɨ 110 аɦɢɧɨɤɢɫлɨɬɧыɯ 
ɨɫɬаɬɤɨɜ. ɉрɢ ɬаɤɨɦ ɤɨɦɩаɤɬɧɨɦ раɡɦɟрɟ ɨɞАɬ 
ɢɦɟɸɬ ɜыɫɨɤɢɟ ɫɬаɛɢлɶɧɨɫɬɶ ɢ раɫɬɜɨрɢɦɨɫɬɶ, ɨɧɢ 
ɩɨлɧɨɫɬɶɸ ɫɨɯраɧяɸɬ ɮуɧɤɰɢɨɧалɶɧуɸ аɤɬɢɜɧɨɫɬɶ 
ɩɨлɧɨраɡɦɟрɧыɯ аɧɬɢɬɟл ɢ ɫɩɨɫɨɛɧы ɫɜяɡыɜаɬɶɫя ɫ 
эɩɢɬɨɩаɦɢ, ɫɬɟрɢɱɟɫɤɢ ɧɟɞɨɫɬуɩɧыɦɢ ɞля ɩɨлɧɨ-
раɡɦɟрɧыɯ аɧɬɢɬɟл. В ɞаɧɧɨɣ раɛɨɬɟ ɞля ɩɨлуɱɟɧɢя 
ɤɨɦɩаɤɬɧыɯ ɞɢаɝɧɨɫɬɢɱɟɫɤɢɯ ɦɟɬɨɤ ɛылɢ ɢɫɩɨлɶ-
ɡɨɜаɧы ɦɨɞɢɮɢɰɢрɨɜаɧɧыɟ ɨɞАɬ, ɫɨɞɟрɠаɳɢɟ С-
ɤɨɧɰɟɜɨɣ ɨɫɬаɬɨɤ ɰɢɫɬɟɢɧа, ɤɨɬɨрыɣ ɩɨɡɜɨлɢл 
ɤɨɧɴɸɝɢрɨɜаɬɶ аɧɬɢɬɟла ɫ ɩɨɜɟрɯɧɨɫɬɶɸ КɌ ɜ 
ɫɬрɨɝɨ ɡаɞаɧɧɨɣ ɨрɢɟɧɬаɰɢɢ, ɧɟ ɡаɬраɝɢɜая уɱаɫɬɨɤ 
ɫɜяɡыɜаɧɢя аɧɬɢɝɟɧа. Мɟɬɨɞ ɨрɢɟɧɬɢрɨɜаɧɧɨɣ 
ɤɨɧɴɸɝаɰɢɢ ɨɞАɬ ɧа ɩɨɜɟрɯɧɨɫɬɢ КɌ ɩɨɡɜɨлɢл ɩɨ-
луɱɢɬɶ ɤɨɦɩаɤɬɧыɟ ɫɜɟрɯɴярɤɢɟ ɞɢаɝɧɨɫɬɢɱɟɫɤɢɟ 
ɦɟɬɤɢ, ɤɨɬɨрыɟ ɛылɢ ɢɫɩɨлɶɡɨɜаɧы ɞля ɰɢɬɨɦɟɬ-
рɢɱɫɤɢɯ ɢɫɫлɟɞɨɜаɧɢɣ. 

 
Ɇɚɬɟɪɢɚɥы ɢ ɦɟɬоɞы 
 

ɉɨлɭчеɧие и ɨчиɫɬɤа  
ɪеɤɨɦɛиɧаɧɬɧɵх ɨɞɧɨɞɨɦеɧɧɵх аɧɬиɬел 

ɊЭА-ɫɩɟɰɢɮɢɱɧыɟ ɨɞАɬ С17 ɛылɢ ɩɨлуɱɟɧы 
ɩуɬɟɦ ɢɦɦуɧɢɡаɰɢɢ лаɦы. Клɨɧы ɊЭА-ɫɩɟɰɢɮɢɱɧыɯ 
ɨɞАɬ ɛылɢ ɨɬɨɛраɧы ɢɡ ɛɢɛлɢɨɬɟɤ ɨɞАɌ, ɩɨлуɱɟɧɧыɯ 
ɩɨɫлɟ ɢɦɦуɧɢɡаɰɢɢ. Ƚɟɧы ɨɞАɬ ɛылɢ ɫуɛɤлɨɧɢрɨɜа-
ɧы ɜ ɩлаɡɦɢɞɧыɣ ɜɟɤɬɨр рЕɌ, ɫɨɞɟрɠаɳɢɣ ɮраɝɦɟɧɬ 
ȾɇК, ɤɨɞɢруɸɳɢɣ ɲɟɫɬɶ ɨɫɬаɬɤɨɜ ɝɢɫɬɢɞɢɧа, ɞля 
эɤɫɩрɟɫɫɢɢ ɜ ɤлɟɬɤаɯ ɛаɤɬɟрɢɣ Escherichia coli ɲɬаɦ-
ɦа BL21-DE3 ɢ ɞалɶɧɟɣɲɟɝɨ ɜыɞɟлɟɧɢя ɨɞАɬ ɫ ɩɨ-
ɦɨɳɶɸ ɯрɨɦаɬɨɝраɮɢɢ ɧа ɤɨлɨɧɤɟ ɫ ɧɢɤɟлɶ-аɝарɨɡɨɣ. 
ɉлаɡɦɢɞɧыɟ ɤɨɧɫɬруɤɰɢɢ pET ɨɞАɬ-C17-his6Cys ɛы-
лɢ ɩɨлуɱɟɧы ɜɜɟɞɟɧɢɟɦ ɞɨɩɨлɧɢɬɟлɶɧɨɝɨ ɮраɝɦɟɧɬа 
ȾɇК, ɤɨɞɢруɸɳɟɝɨ аɦɢɧɨɤɢɫлɨɬу ɰɢɫɬɟɢɧ ɫ ɩɨɦɨ-
ɳɶɸ ɫɬаɧɞарɬɧыɯ ɝɟɧɧɨ-ɢɧɠɟɧɟрɧыɯ ɦɟɬɨɞɨɜ. Сɩɟ-
ɰɢɮɢɱɟɫɤая ɢɧɬɟɝраɰɢя ɨɞɢɧɨɱɧɨɝɨ аɦɢɧɨɤɢɫлɨɬɧɨɝɨ 
ɨɫɬаɬɤа ɰɢɫɬɟɢɧа ɧа С-ɤɨɧɰɟ ɦɨлɟɤул рɟɤɨɦɛɢɧаɧɬ-
ɧыɯ ɨɞАɬ-Cys ɩɨɡɜɨляɟɬ ɩɨлуɱɢɬɶ ɨрɢɟɧɬɢрɨɜаɧɧɨɟ 
раɫɩɨлɨɠɟɧɢɟ ɦɨлɟɤул ɨɞАɬ ɧа ɩɨɜɟрɯɧɨɫɬɢ КɌ ɩɨ-
ɫлɟ ɤɨɧɴɸɝɢрɨɜаɧɢя. 

Ȼаɤɬɟрɢалɶɧыɟ ɤлɟɬɤɢ, ɬраɧɫɮɨрɦɢрɨɜаɧɧыɟ 
ɩлаɡɦɢɞɧыɦɢ ɤɨɧɫɬруɤɰɢяɦɢ, ɜыраɳɢɜалɢ ɜ ɬɟɱɟ-
ɧɢɟ ɧɨɱɢ ɩрɢ 37 °C ɢ ɩɨɫɬɨяɧɧɨɦ ɩɟрɟɦɟɲɢɜаɧɢɢ ɜ 
10 ɦл ɫрɟɞы 2 YT, ɫɨɞɟрɠаɳɟɣ 16 ɝ/л ɛаɤɬɨɬрɢɩɬɨ-
ɧа, 10 ɝ/л ɞрɨɠɠɟɜɨɝɨ эɤɫɬраɤɬа, 85 ɦМ ɯлɨрɢɞа 
ɧаɬрɢя, 2 % ɝлɸɤɨɡы ɢ 100 ɦɤɝ/ɦл аɦɩɢɰɢллɢɧа. 
ɉɨлуɱɟɧɧуɸ ɧɨɱɧуɸ ɤулɶɬуру ɛаɤɬɟрɢалɶɧыɯ ɤлɟ-
ɬɨɤ раɡɜɨɞɢлɢ ɜ 400 ɦл ɫɜɟɠɟɣ ɫрɟɞы 2 YT ɢ раɫɬɢ-
лɢ ɞɨ ɦɨɦɟɧɬа, ɤɨɝɞа ɨɩɬɢɱɟɫɤая ɩлɨɬɧɨɫɬɶ (OD600) 
ɫɬаɧɨɜɢлаɫɶ раɜɧɨɣ 0,5.  
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Ɋɢс. 1. Сɬрɨɟɧɢɟ ɩɨлɧɨраɡɦɟрɧыɯ аɧɬɢɬɟл, ɫɨɫɬɨяɳɢɯ ɢɡ ɞɜуɯ ɬяɠɟлыɯ ɢ ɞɜуɯ лɟɝɤɢɯ ɰɟɩɟɣ, ɢ ɧɟɤаɧɨɧɢɱɟɫɤɢɯ 
ɞɜуɯɰɟɩɨɱɟɱɧыɯ аɧɬɢɬɟл, ɤɨɬɨрыɟ ɫɨɫɬɨяɬ ɢɡ ɞɜуɯ ɬяɠɟлыɯ ɰɟɩɟɣ. Аɧɬɢɝɟɧ-ɫɜяɡыɜаɸɳɢɣ уɱаɫɬɨɤ ɩɨлɧɨраɡ-
ɦɟрɧыɯ аɧɬɢɬɟл ɫɨɫɬɨɢɬ ɢɡ ɞɜуɯ ɜарɢаɛɟлɶɧыɯ ɞɨɦɟɧɨɜ ɬяɠɟлɟɣ ɢ лɟɝɤɨɣ ɰɟɩɟɣ; у ɧɟɤаɧɨɧɢɱɟɫɤɢɯ аɧɬɢɬɟл эɬɨɬ 
уɱаɫɬɨɤ ɫɨɫɬɨɢɬ ɬɨлɶɤɨ ɢɡ ɨɞɧɨɝɨ ɜарɢаɛɟлɶɧɨɝɨ ɞɨɦɟɧа (VhH). Ɉɞɧɨɞɨɦɟɧɧыɟ аɧɬɢɬɟла, ɩɨуɱаɟɦыɟ ɢɡ ɧɟɤа-
ɧɨɧɢɱɟɫɤɢɯ аɧɬɢɬɟл, яɜляɸɬɫя ɧаɢɦɟɧɶɲɢɦɢ ɫɬруɤɬурɧыɦɢ ɟɞɢɧɢɰаɦɢ, ɨɛлаɞаɸɳɢɦɢ ɩɨлɧɨɰɟɧɧɨɣ ɮуɧɤɰɢɨ-
ɧалɶɧɨɣ аɤɬɢɜɧɨɫɬɶɸ аɧɬɢɬɟла. 

 

 
 

Ɋɢс. 2. Сɯɟɦа ɩɨлуɱɟɧɢя ɤɨɧɴɸɝаɬɨɜ ɤɜаɧɬɨɜыɯ ɬɨɱɟɤ ɫ рɟɤɨɦɛɢɧаɧɬɧыɦɢ ɨɞɧɨɞɨɦɟɧɧыɦɢ аɧɬɢɬɟлаɦɢ, ɦɨɞɢ-
ɮɢɰɢрɨɜаɧɧыɦɢ ɩуɬɟɦ ɜɜɟɞɟɧɢя ɞɨɩɨлɧɢɬɟлɶɧɨɝɨ ɨɫɬаɬɤа ɰɢɫɬɟɢɧа ɧа С-ɤɨɧɰɟ аɦɢɧɨɤɢɫлɨɬɧɨɣ ɩɨɫлɟɞɨɜа-
ɬɟлɶɧɨɫɬɢ. 
 

Эɤɫɩрɟɫɫɢɸ ɨɞАɬ-Cys ɢɧɞуɰɢрɨɜалɢ ɞɨɛаɜ-
лɟɧɢɟɦ 0.1 ɦМ ɢɡɨɩрɨɩɢл β-d-1-ɬɢɨɝалаɤɬɨɩɢраɧɨ-
ɡɢɞа, ɢ ɢɧɤуɛɢрɨɜалɢ ɤлɟɬɤɢ ɩрɢ 30 °C ɢ ɩɨɫɬɨяɧ-
ɧɨɦ ɩɟрɟɦɟɲɢɜаɧɢɢ ɜ ɬɟɱɟɧɢɟ 20 ɱ.  

Клɟɬɤɢ ɫɨɛɢралɢ ɰɟɧɬрɢɮуɝɢрɨɜаɧɢɟɦ, ɤлɟ-
ɬɨɱɧыɣ ɨɫаɞɨɤ ɡаɦɨраɠɢɜалɢ ɧа 20 ɦɢɧ ɩрɢ –80 °C 
ɢ ɡаɬɟɦ лɢɡɢрɨɜалɢ ɞɨɛаɜлɟɧɢɟɦ рɟаɝɟɧɬа ɞля эɤɫ-
ɬраɤɰɢɢ ɛɟлɤɨɜ BugBuster® (Novagen) ɧа 20 ɦɢɧ 
ɩрɢ ɦяɝɤɨɦ ɩɟрɟɦɟɲɢɜаɧɢɢ.  

ɉɨɫлɟ эɬɨɝɨ ɨɞАɬ ɜыɞɟлялɢ ɫ ɩɨɦɨɳɶɸ ɯрɨ-
ɦаɬɨɝраɮɢɢ ɧа ɤɨлɨɧɤɟ ɫ ɧɢɤɟлɶ-аɝарɨɡɨɣ (Clontech) 
ɫɨɝлаɫɧɨ ɩрɨɬɨɤɨлу ɩрɨɢɡɜɨɞɢɬɟля. ɉɨɫлɟ ɨɱɢɫɬɤɢ 
ɨɞАɬ-Cys ɤɨɧɰɟɧɬрɢрɨɜалɢ ɜ ɧаɬрɢɣ-ɮɨɫɮаɬɧɨɦ 
ɛуɮɟрɟ, ɫɨɞɟрɠаɳɟɦ 137 ɦМ ɯлɨрɢɞа ɧаɬрɢя (pH 
7,2), ɫ ɩɨɦɨɳɶɸ ɰɟɧɬрɢɮуɠɧыɯ ɤɨɧɰɟɧɬраɬɨрɨɜ 
Аɦɢɤɨɧ ɍлɶɬра 5000 MWCO. Сɬɟɩɟɧɶ ɨɱɢɫɬɤɢ 
ɨɞАɬ-Cys ɨɩрɟɞɟлялɢ ɫ ɩɨɦɨɳɶɸ элɟɤɬрɨɮɨрɟɡа ɜ 
ɉААȽ ɜ ɩрɢɫуɬɫɬɜɢɢ ɞɨɞɟɰɢлɫулɶɮаɬа ɧаɬрɢя. Кɨɧ-
ɰɟɧɬраɰɢɸ ɛɟлɤа ɨɩрɟɞɟлялɢ ɫɩɟɤɬрɨɮɨɦɟɬрɢɱɟɫɤɢ. 
ɉɨлуɱɟɧɧыɟ ɜыɫɨɤɨɨɱɢɳɟɧɧыɟ ɩрɟɩараɬы ɨɞАɬ-Суs 
ɫ ɤɨɧɰɟɧɬраɰɢɟɣ ɛɟлɤа 5 ɦɝ/ɦл ɯраɧɢлɢ ɩрɢ –20 °С. 

Ɉɰɟɧɤа ɫɩɟɰɢɮɢɱɟɫɤɨɣ аɤɬɢɜɧɨɫɬɢ ɩɨлуɱɟɧ-
ɧыɯ ɩарɬɢɣ ɨɞАɬ ɩрɨɜɨɞɢлаɫɶ ɫ ɩɨɦɨɳɶɸ ɫɬаɧ-
ɞарɬɧыɯ ɢɦɦуɧɨɬɟɫɬɨɜ (ɢɦɦуɧɨɛлɨɬɬɢɧɝ). 

 
Кɨɧɴɸɝаɰия аɧɬиɬел  

ɫ ɤваɧɬɨвɵɦи ɬɨчɤаɦи 

Ⱦля ɩɨлуɱɟɧɢя ɤɨɧɴɸɝаɬɨɜ ɛылɢ ɢɫɩɨлɶɡɨ-
ɜаɧы КɌ ɫ ɦаɤɫɢɦуɦɨɦ эɦɢɫɫɢɢ ɮлуɨрɟɫɰɟɧɰɢɢ 
ɩрɢ 570 ɧɦ, ɫɨлɸɛɢлɢɡɢрɨɜаɧɧыɟ ɜ ɜɨɞɧɨɦ раɫɬɜɨ-
рɟ ɫ ɩɨɦɨɳɶɸ DL-ɰɢɫɬɟɢɧа ɢ ɩɨɜɟрɯɧɨɫɬɶ ɤɨɬɨрыɯ 
ɛыла ɦɨɞɢɮɢɰɢрɨɜаɧа ɫ ɢɫɩɨлɶɡɨɜаɧɢɟɦ ɧɢɡɤɨɦɨ-
лɟɤулярɧыɯ ɩрɨɢɡɜɨɞɧыɯ ɉЭȽ ɫ ɤɨɧɰɟɜыɦɢ ɫулɶɮ-
ɝɢɞрɢлɶɧыɦɢ (SH) ɢ ɝɢɞрɨɤɫɢлɶɧыɦɢ (Ɉɇ) ɢлɢ 
аɦɢɧɨɝруɩɩаɦɢ (NH2) ɜ ɦɨлярɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 
(SH-ɉЕȽ-Ɉɇ):(SH-ɉЕȽ-NH ) = 9:1 [9].  2

Кɨɧɴɸɝаɰɢɸ ɫ ɨɞАɬ ɩрɨɜɨɞɢлɢ ɫɨɝлаɫɧɨ ɦɟ-
ɬɨɞɢɤɟ, ɨɩɢɫаɧɧɨɣ ɜ [9]. Kɜаɧɬɨɜыɟ ɬɨɱɤɢ раɡɜɨɞɢ-
лɢ ɜ 0,1 М ɮɨɫɮаɬɧɨɦ ɛуɮɟрɧɨɦ раɫɬɜɨрɟ (рɇ 7,2) 
ɞɨ ɤɨɧɰɟɧɬраɰɢɢ 4 ɦɝ/ɦл. Ɂаɬɟɦ ɤ раɫɬɜɨру КɌ ɞɨ-
ɛаɜлялɢ 100-ɤраɬɧыɣ ɦɨлярɧыɣ ɢɡɛыɬɨɤ ɛɢɮуɧɤ-
ɰɢɨɧалɶɧɨɝɨ ɫɲɢɜаɸɳɟɝɨ аɝɟɧɬа Sulfo-SMCC ɢ 
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ɢɧɤуɛɢрɨɜалɢ ɩрɢ ɤɨɦɧаɬɧɨɣ ɬɟɦɩɟраɬурɟ ɜ ɬɟɱɟ-
ɧɢɟ ɱаɫа ɩрɢ ɩɨɫɬɨяɧɧɨɦ ɩɟрɟɦɟɲɢɜаɧɢɢ. ɉɨɫлɟ 
ɨɤɨɧɱаɧɢя аɤɬɢɜаɰɢɢ КɌ ɨɱɢɳалɢ ɨɬ ɢɡɛыɬɤа 
Sulfo-SMCC ɧа ɯрɨɦаɬɨɝраɮɢɱɟɫɤɨɣ ɤɨлɨɧɤɟ ɫ Сɟ-
ɮаɞɟɤɫɨɦ G-25, ураɜɧɨɜɟɲɟɧɧɨɣ 0,1 М ɮɨɫɮаɬɧыɦ 
ɛуɮɟрɧыɦ раɫɬɜɨрɨɦ (рɇ 7,2).  

Ɂаɬɟɦ ɨɱɢɳɟɧɧыɟ аɤɬɢɜɢрɨɜаɧɧыɟ КɌ ɫɦɟ-
ɲɢɜалɢ ɫ ɨɞАɬ ɜ ɦɨлярɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 1:10 ɢ 
ɢɧɤуɛɢрɨɜалɢ ɜ ɬɟɱɟɧɢɢ 2 ɱ ɩрɢ ɤɨɦɧаɬɧɨɣ ɬɟɦɩɟ-
раɬурɟ ɩрɢ ɩɨɫɬɨяɧɧɨɦ ɩɟрɟɦɟɲɢɜаɧɢɢ. ɉɨлуɱɟɧ-
ɧыɟ ɤɨɧɴɸɝаɬы ɨɱɢɳалɢ ɦɟɬɨɞɨɦ ɝɟлɶ-
ɮɢлɶɬраɰɢɨɧɧɨɣ ɯрɨɦаɬɨɝраɮɢɢ ɧа ɤɨлɨɧɤɟ ɫ Су-
ɩɟрɞɟɤɫɨɦ G200, ураɜɧɨɜɟɲɟɧɧɨɣ 0,1 М ɮɨɫɮаɬ-
ɧыɦ ɛуɮɟрɨɦ (рɇ 7,2). 

Кɨлɢɱɟɫɬɜɟɧɧɨ ɫɨɨɬɧɨɲɟɧɢɟ ɨɞАɬ ɢ КɌ ɜ 
ɩɨлуɱɟɧɧыɯ ɤɨɧɴɸɝаɬаɯ ɨɰɟɧɢɜалɢ ɫɩɟɤɬрɨɮɨɬɨ-
ɦɟɬрɢɱɟɫɤɢ; ɫɨɞɟрɠаɧɢɟ аɧɬɢɬɟл ɜ ɩрɨɛɟ ɨɩрɟɞɟля-
лɢ ɩрɢ ɩɨɦɨɳɢ ɫɬаɧɞарɬɧɨɝɨ ɧаɛɨра рɟаɝɟɧɬɨɜ (рɟ-
аɤɰɢя Ȼрɟɞɮɨрɞа), ɫɨɞɟрɠаɧɢɟ КɌ ɜ ɩрɨɛɟ – ɩɨ 
ɫɩɟɤɬру ɩɨɝлɨɳɟɧɢя, ɢɫɩɨлɶɡуя ɡɧаɱɟɧɢɟ ɤɨэɮɮɢ-
ɰɢɟɧɬа ɦɨлярɧɨɝɨ ɩɨɝлɨɳɟɧɢя ɧа ɩɟрɜɨɦ эɤɫɢɬɨɧ-
ɧɨɦ ɦаɤɫɢɦуɦɟ ɩɨɝлɨɳɟɧɢя. ɉɨлуɱɟɧɧɨɟ ɫɨɨɬɧɨ-
ɲɟɧɢɟ ɨɞАɬ ɢ КɌ ɜ ɤɨɧɴɸɝаɬаɯ ɫɨɫɬаɜɢлɨ ɩрɢɛлɢ-
ɡɢɬɟлɶɧɨ 4 : 1. 

Ɋаɡɦɟры КɌ ɢ ɤɨɧɴɸɝаɬɨɜ КɌ–ɨɞАɬ ɢɡɦɟря-
лɢ ɦɟɬɨɞɨɦ ɞɢɧаɦɢɱɟɫɤɨɝɨ раɫɫɟяɧɢя ɫɜɟɬа ɫ ɩɨ-
ɦɨɳɶɸ аɧалɢɡаɬɨра раɡɦɟра ɧаɧɨɱаɫɬɢɰ Zetasizer 
Nano ZS (Malvern). 

Клеɬɨчɧɵе ɤɭльɬɭɪɵ 

Ʌɢɧɢɸ ɤлɟɬɨɤ ɤɨлɨрɟɤɬалɶɧɨɣ аɞɟɧɨɤарɰɢ-
ɧɨɦы ɦыɲɢMC38 ɤулɶɬɢɜɢрɨɜалɢ ɜ ɫрɟɞɟ 
Dulbecco's Modified Eagle Medium glutaMAX media 
(Invitrogen) ɫ ɞɨɛаɜлɟɧɢɟɦ 10% ɌЭС, ɢɧаɤɬɢɜɢрɨ-
ɜаɧɧɨɣ ɧаɝрɟɜаɧɢɟɦ (BioWhittaker), ɢ аɧɬɢɛɢɨɬɢ-
ɤɨɜ: ɩɟɧɢɰɢллɢɧа (1000 ɟɞ./ɦл), ɫɬрɟɩɬɨɦɢɰɢɧа 
(1000 ɦɤɝ/ɦл), ɮуɧɝɢɡɢɧа (2,5 ɦɤɝ/ɦл). Клɟɬɨɱɧуɸ 
лɢɧɢɸ МС38-ɊЭА, эɤɫɩрɟɫɢруɸɳуɸ ɊЭА, ɤулɶɬɢ-
ɜɢрɨɜалɢ ɜ ɬɟɯ ɠɟ уɫлɨɜɢяɯ ɜ ɫрɟɞɟ ɫ ɞɨɛаɜлɟɧɢɟɦ 
G418 (Sigma-Aldrich). 

 
Ɉɤɪаɲиваɧие ɤлеɬɨɤ  

ɩɪи ɩɨɦɨщи ɤɨɧɴɸɝаɬɨв КɌɨɞАɬ  

и ɰиɬɨɦеɬɪичеɫɤиɣ аɧалиɡ 
Кɨɧɴɸɝаɬы КɌɨɞАɬ раɡɜɨɞɢлɢ ɜ ɮɨɫɮаɬɧɨ-

ɫɨлɟɜɨɦ ɛуɮɟрɧɨɦ раɫɬɜɨрɟ, ɫɨɞɟрɠаɳɟɦ 5% ȻСА, 
ɞɨ ɤɨɧɰɟɧɬраɰɢɢ 30 ɦɤɝ/ɦл. Клɟɬɤɢ МС38 ɢ МС38-
ɊЭА ɫуɫɩɟɧɞɢрɨɜалɢ, ɢ ɝɨɬɨɜɢлɢ ɫɦɟɫɶ ɤлɟɬɨɤ ɫ 
ɫɨɞɟрɠаɧɢɟɦ МС38-ɊЭА1% ɢ МС38 99%. Ɂаɬɟɦ ɤ 
ɨɛɳɟɦу ɤɨлɢɱɟɫɬɜу 100 000 ɤлɟɬɨɤ ɞɨɛаɜлялɢ ɩɨ 50 
ɦɤл раɫɬɜɨрɨɜ ɤɨɧɴɸɝаɬɨɜ КɌ-ɨɞАɬ ɢ ɢɧɤуɛɢрɨɜа-
лɢ ɜ ɬɟɱɟɧɢɟ 90 ɦɢɧ ɩрɢ +4 °С ɜ ɬɟɦɧɨɬɟ.. Ɂаɬɟɦ 
ɩрɨɢɡɜɨɞɢлɢ ɨɬɦыɜɤу ɮɨɫɮаɬɧыɦ ɛуɮɟрɧыɦ раɫ-
ɬɜɨрɨɦ, ɫɨɞɟрɠаɳɢɦ 5 % ȻСА. Сраɡу ɠɟ ɩɨɫлɟ ɩɨ-
ɫлɟɞɧɟɣ ɫɬаɞɢɢ ɨɬɦыɜаɧɢя ɨɩрɟɞɟлялɢ ɫɨɨɬɧɨɲɟ-
ɧɢɟ ɨɤраɲɟɧɧыɯ ɢ ɧɟɨɤраɲɟɧɧыɯ ɤлɟɬɨɤ ɜ ɫɦɟɫɢ. 
ɐɢɬɨɦɟɬрɢɱɟɫɤɢɣ аɧалɢɡ ɮлуɨрɟɫɰɟɧɬɧɨ ɨɤраɲɟɧ-
ɧыɯ ɤлɟɬɨɤ ɩрɨɜɨɞɢлɢ ɫ ɩɨɦɨɳɶɸ ɩрɨɬɨɱɧɨɝɨ ɰɢ-
ɬɨɦɟɬра FACStar Plus (Becton Dickinson). Ⱦля ɜɨɡ-
ɛуɠɞɟɧɢя ɮлуɨрɟɫɰɟɧɰɢɢ КɌ ɢɫɩɨлɶɡɨɜалɢ арɝɨɧɨ-
ɜыɣ лаɡɟр ɫ ɞлɢɧɨɣ ɜɨлɧы ɢɡлуɱɟɧɢя 488 ɧɦ, ɫɢɝ-
ɧал аɧалɢɡɢрɨɜалɢ ɜ ɞɢаɩаɡɨɧɟ 564–586 ɧɦ. ɂɧɬɟɧ-
ɫɢɜɧɨɫɬɶ ɨɤраɲɢɜаɧɢя ɤлɟɬɨɤ ɜ ɤаɠɞɨɦ ɢɡ аɧалɢ-
ɡɢруɟɦыɯ ɨɛраɡɰɨɜ ɨɰɟɧɢɜалɢ ɩɨ ɡɧаɱɟɧɢɸ ɦɟɞɢа-
ɧы ɮлуɨрɟɫɰɟɧɬɧɨɝɨ ɫɢɝɧала. 

 
Ɋɟɡɭɥɶɬɚɬы ɢ оɛсɭɠɞɟɧɢɟ 
 

ɉɨлɭчеɧие и хаɪаɤɬеɪиɡаɰия  

ɤɨɧɴɸɝаɬɨв КɌ–ɨɞАɬ 

Кɜаɧɬɨɜыɟ ɬɨɱɤɢ, ɩрɟɞɫɬаɜляɸɳɢɟ ɫɨɛɨɣ 
ɧаɧɨɤрɢɫɬаллы CdSe, ɩɨɤрыɬыɟ ɨɛɨлɨɱɤɨɣ ɢɡ ZnS, 

ɛылɢ ɫɢɧɬɟɡɢрɨɜаɧы ɜ ɨрɝаɧɢɱɟɫɤɨɣ ɫрɟɞɟ, ɫɨлɸ-
ɛɢлɢɡɢрɨɜаɧы (ɞля ɩɟрɟɜɨɞа ɜ ɜɨɞɧыɣ раɫɬɜɨр) 
ɩуɬɟɦ ɡаɦɟɧы ɝɢɞрɨɮɨɛɧыɯ лɢɝаɧɞɨɜ ɧа ɩɨɜɟрɯɧɨ-
ɫɬɢ КɌ ɧа DL-ɰɢɫɬɟɢɧ. Ɂаɬɟɦ ɦɨлɟɤулы ɰɢɫɬɟɢɧа 
ɡаɦɟɳалɢ ɫɦɟɫɶɸ ɬɢɨл-ɫɨɞɟрɠаɳɢɯ ɧɢɡɤɨɦɨлɟɤу-
лярɧыɯ ɩрɨɢɡɜɨɞɧыɯ ɉЭȽ ɫ ɤɨɧɰɟɜыɦɢ ɝɢɞрɨ-
ɤɫɢлɶɧыɦɢ (Ɉɇ) ɢлɢ аɦɢɧɨɝруɩɩаɦɢ (NH2) ɜ ɦɨ-
лярɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ (SH-ɉЕȽ-Ɉɇ):(SH-ɉЕȽ-NH2) 
= 9 : 1 [9]. Ɍаɤɢɦ ɨɛраɡɨɦ, ɛылɢ ɩɨлуɱɟɧы ɫɬаɛɢлɶ-
ɧыɟ ɜ ɜɨɞɧыɯ раɫɬɜɨраɯ ɤɨɦɩаɤɬɧыɟ КɌ ɫ ɝɢɞрɨɞɢ-
ɧаɦɢɱɟɫɤɢɦ ɞɢаɦɟɬрɨɦ ɨɤɨлɨ 9 ɧɦ ɢ ɤɜаɧɬɨɜыɦ 
ɜыɯɨɞɨɦ ɨɤɨлɨ 90 %. ɇа ɩɨɜɟрɯɧɨɫɬɢ ɬаɤɢɯ КɌ 
эɤɫɩɨɧɢрɨɜаɧы ɮуɧɤɰɢɨɧалɶɧыɟ ɝруɩɩы, ɨɩрɟɞɟ-
ляɸɳɢɟ ɫɬаɛɢлɶɧɨɫɬɶ КɌ ɩрɢ раɡлɢɱɧыɯ рɇ. Варɶ-
ɢруя ɫɨɫɬаɜ ɩрɨɢɡɜɨɞɧыɯ ɉЭȽ ɩрɢ ɫɨлɸɛɢлɢɡаɰɢɢ 
КɌ, ɦɨɠɧɨ рɟɝулɢрɨɜаɬɶ ɩɨɜɟрɯɧɨɫɬɧыɣ ɡаряɞ ɩɨ-
луɱаɟɦыɯ ɱаɫɬɢɰ ɢ ɩɨɞɛɢраɬɶ ɨɩɬɢɦалɶɧɨɟ ɫɨɨɬ-
ɧɨɲɟɧɢɟ ɮуɧɤɰɢɨɧалɶɧыɯ ɝруɩɩ ɞля ɞалɶɧɟɣɲɟɣ 
ɤɨɧɴɸɝаɰɢɢ (ɤɨɜалɟɧɬɧɨɣ ɢɦɦɨɛɢлɢɡаɰɢɢ) аɧɬɢɬɟл 
ɧа ɩɨɜɟрɯɧɨɫɬɢ КɌ. 

ɉрɢ ɩɨлуɱɟɧɢɢ ɞɢаɝɧɨɫɬɢɱɟɫɤɢɯ ɦɟɬɨɤ ɧа 
ɨɫɧɨɜɟ ɤɨɧɴɸɝаɬɨɜ КɌ ɫ аɧɬɢɬɟлаɦɢ рɟɲаɸɳɢɦɢ 
уɫлɨɜɢяɦɢ яɜляɸɬɫя: 

1) ɫɨɯраɧɟɧɢɟ ɛɢɨлɨɝɢɱɟɫɤɨɣ аɤɬɢɜɧɨɫɬɢ ɢ 
ɫɬаɛɢлɶɧɨɫɬɢ аɧɬɢɬɟла ɜ рɟɡулɶɬаɬɟ 
ɤɨɧɴɸɝаɰɢɢ; 

2) ɨɩɬɢɦалɶɧɨɟ ɤɨлɢɱɟɫɬɜɟɧɧɨɟ ɫɨɨɬɧɨɲɟ-
ɧɢɟ КɌ ɢ аɧɬɢɬɟла ɜ ɫɨɫɬаɜɟ ɤɨɧɴɸɝаɬа; 

3) ɧаɞлɟɠаɳая ɨрɢɟɧɬаɰɢя аɧɬɢɬɟл ɧа ɩɨ-
ɜɟрɯɧɨɫɬɢ КɌ, ɫ ɬɟɦ ɱɬɨɛы ɮуɧɤɰɢɨ-
ɧалɶɧɨ аɤɬɢɜɧыɟ ɫаɣɬы ɛылɢ эɤɫɩɨɧɢрɨ-
ɜаɧы ɧаруɠу ɢ ɞɨɫɬуɩɧы ɞля ɫɜяɡыɜаɧɢя 
ɫ аɧɬɢɝɟɧɨɦ. 

Ⱦля ɢɦɦɨɛɢлɢɡаɰɢɢ ɛɢɨлɨɝɢɱɟɫɤɢɯ ɦɨлɟɤул (ɜ 
ɱаɫɬɧɨɫɬɢ, аɧɬɢɬɟл) ɧа ɩɨɜɟрɯɧɨɫɬɢ ɧаɧɨɱаɫɬɢɰ ɲɢ-
рɨɤɨ ɢɫɩɨлɶɡуɸɬ ɫɬаɧɞарɬɧыɟ ɦɟɬɨɞы ɤарɛɨɞɢɢɦɢɞ-
ɧɨɣ ɯɢɦɢɢ. Каɤ ɩраɜɢлɨ, ɤɨɜалɟɧɬɧая ɢɦɦɨɛɢлɢɡаɰɢя 
ɨɫуɳɟɫɬɜляɟɬɫя ɡа ɫɱɟɬ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɩɟрɜɢɱɧɨɣ 
аɦɢɧɨɝруɩɩы аɧɬɢɬɟла ɫ ɤарɛɨɤɫɢлɶɧыɦɢ ɝруɩɩаɦɢ 
ɧа ɩɨɜɟрɯɧɨɫɬɢ ɱаɫɬɢɰы, ɩрɟɞɜарɢɬɟлɶɧɨ аɤɬɢɜɢрɨ-
ɜаɧɧыɦɢ ɫ ɩɨɦɨɳɶɸ ɜɨɞɨраɫɬɜɨрɢɦɨɝɨ ɤарɛɨɞɢɢɦɢ-
ɞа. Эɬɨɬ ɦɟɬɨɞ ɢɦɟɟɬ ряɞ ɨɝраɧɢɱɟɧɢɣ. Вɨ-ɩɟрɜыɯ, 
ɢɧɬɟрɦɟɞɢаɬы, ɨɛраɡуɸɳɢɟɫя ɩрɢ аɤɬɢɜаɰɢɢ ɝɢɞрɨ-
ɤɫɢлɶɧыɯ ɝруɩɩ ɫ ɩɨɦɨɳɶɸ ɤарɛɨɞɢɢɦɢɞа, ɧɟɫɬа-
ɛɢлɶɧы ɜ ɜɨɞɧыɯ ɫрɟɞаɯ ɢ ɩɨɞɜɟрɝаɸɬɫя ɛыɫɬрɨɦу 
ɝɢɞрɨлɢɡу, ɩɨэɬɨɦу ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨлɶɡɨɜаɬɶ ɛɨлɶ-
ɲɢɟ ɢɡɛыɬɤɢ ɤарɛɨɞɢɢɦɢɞа. Вɨ-ɜɬɨрыɯ, ɜɡаɢɦɨɞɟɣ-
ɫɬɜɢɟ аɦɢɧɨɝруɩɩ аɧɬɢɬɟла ɫ аɤɬɢɜɢрɨɜаɧɧыɦɢ ɤар-
ɛɨɤɫɢлɶɧыɦɢ ɝруɩɩаɦɢ КɌ ɩрɨɢɫɯɨɞɢɬ ɫлуɱаɣɧыɦ 
ɨɛраɡɨɦ ɢ ɦɨɠɟɬ ɩрɢɜɟɫɬɢ ɤ ɛɨлɶɲɨɦу ɱɢɫлу ɧɟɠɟла-
ɬɟлɶɧыɯ ɫɲɢɜɨɤ ɢ ɩɨɬɟрɢ аɮɮɢɧɧɨɫɬɢ аɧɬɢɬɟла. В-
ɬрɟɬɶɢɯ, ɢɡ-ɡа ɛɨлɶɲɨɝɨ ɱɢɫла аɦɢɧɨɝруɩɩ, эɤɫɩɨɧɢ-
рɨɜаɧɧыɯ ɧа ɩɨɜɟрɯɧɨɫɬɢ аɧɬɢɬɟла, ɟɝɨ ɨрɢɟɧɬаɰɢя ɧа 
ɩɨɜɟрɯɧɨɫɬɢ ɩрɨɢɫɯɨɞɢɬ ɫлуɱаɣɧыɦ ɨɛраɡɨɦ, ɱɬɨ 
ɩрɢɜɨɞɢɬ ɤ ɫɬɟрɢɱɟɫɤɨɣ ɧɟɞɨɫɬуɩɧɨɫɬɢ ɨɩрɟɞɟлɟɧɧɨɣ 
ɞɨлɢ ɰɟɧɬрɨɜ ɫɜяɡыɜаɧɢя аɧɬɢɝɟɧа. 

Выɩуɫɤаɟɦыɟ ɤɨɦɩаɧɢɟɣ Invitrogen ɦɟɬɤɢ ɧа 
ɨɫɧɨɜɟ аɧɬɢɬɟл, ɫɜяɡаɧɧыɯ ɫ КɌ, ɩɨлуɱаɸɬ ɤɨɧɴɸɝа-
ɰɢɟɣ КɌ ɫ ɮраɝɦɟɧɬаɦɢ аɧɬɢɬɟл, ɨɛраɡуɸɳɢɯɫя ɜ 
рɟɡулɶɬаɬɟ ɱаɫɬɢɱɧɨɝɨ ɜɨɫɫɬаɧɨɜлɟɧɢя ɞɢɫулɶɮɢɞɧыɯ 
ɫɜяɡɟɣ ɩɨлɧɨраɡɦɟрɧɨɝɨ аɧɬɢɬɟла. ɉрɢ ɧаɞлɟɠаɳɢɯ 
уɫлɨɜɢяɯ ɜɨɫɫɬаɧɨɜлɟɧɢя, ɜ рɟɡулɶɬаɬɟ ɬаɤɨɣ рɟаɤɰɢɢ 
ɩɨлуɱаɸɬɫя ɞɜа ɮраɝɦɟɧɬа аɧɬɢɬɟл, ɤаɠɞыɣ ɢɡ ɤɨɬɨ-
рыɯ ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɣ ɬяɠɟлɟɣ ɢ ɨɞɧɨɣ лɟɝɤɨɣ ɰɟɩɟɣ. 
Кɨɧɴɸɝаɰɢя ɩрɨɢɫɯɨɞɢɬ ɱɟрɟɡ ɬɢɨлɶɧыɟ ɝруɩɩы ɜɨɫ-
ɫɬаɧɨɜлɟɧɧыɯ ɮраɝɦɟɧɬɨɜ аɧɬɢɬɟл. Ɉɞɧаɤɨ ɮуɧɤɰɢɨ-
ɧалɶɧая аɤɬɢɜɧɨɫɬɶ ɜɨɫɫɬаɧɨɜлɟɧɧыɯ ɬаɤɢɦ ɨɛраɡɨɦ 
ɮраɝɦɟɧɬɨɜ аɧɬɢɬɟл ɦɨɠɟɬ ɛыɬɶ ɫуɳɟɫɬɜɟɧɧɨ ɫɧɢɠɟ-
ɧа ɡа ɫɱɟɬ ɧаруɲɟɧɢя ɰɟлɨɫɬɧɨɫɬɢ аɧɬɢɝɟɧ-
ɫɜяɡыɜаɸɳɢɯ ɫаɣɬɨɜ, ɨɛраɡɨɜаɧɧыɯ ɜарɢаɛɟлɶɧыɦɢ 
ɞɨɦɟɧаɦɢ ɬяɠɟлɟɣ ɢ лɟɝɤɨɣ ɰɟɩɟɣ.  
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Ɋɢс. 3. ɉрɨɬɨɱɧая ɰɢɬɨɦɟɬрɢя ɫɦɟɫɟɣ ɤлɟɬɨɤ MC38-ɊЭА ɢ MC38. 100 000 ɤлɟɬɨɤ ɢɧɤуɛɢрɨɜалɢ ɫ КɌ–ɨɞАɬ ɜ 
ɬɟɱɟɧɢɟ 90 ɦɢɧ ɩрɢ +4°С ɜ ɬɟɦɧɨɬɟ. Сраɡу ɠɟ ɩɨɫлɟ ɩɨɫлɟɞɧɟɣ ɫɬаɞɢɢ ɨɬɦыɜаɧɢя ɨɩрɟɞɟлялɢ ɫɨɨɬɧɨɲɟɧɢɟ ɨɤ-
раɲɟɧɧыɯ ɢ ɧɟɨɤраɲɟɧɧыɯ ɤлɟɬɨɤ ɜ ɫɦɟɫɢ ɫ ɩɨɦɨɳɶɸ ɩрɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬрɢɢ. 

a. ɫ ɩрɨɰɟɧɬɧыɦ ɫɨɞɟрɠаɧɢɟɦ МС38-ɊЭА 1%  
b. МС38 99% ɢ МС38-ɊЭА 10% ɢ МС38 90% 

 
Ɍаɤ, ɛылɨ ɨɛɧаруɠɟɧɨ, ɱɬɨ ɤɨлɢɱɟɫɬɜɨ ɮуɧɤ-

ɰɢɨɧалɶɧɨ аɤɬɢɜɧыɯ аɧɬɢɬɟл ɜ ɫɨɫɬаɜɟ ɩɨлуɱɟɧɧыɯ 
ɬаɤɢɦ ɨɛраɡɨɦ ɫɟрɢɣɧɨ ɩрɨɢɡɜɨɞɢɦыɯ ɤɨɧɴɸɝаɬɨɜ 
ɫɨɫɬаɜляɟɬ ɜɫɟɝɨ лɢɲɶ 0,076 ± 0,014 аɧɬɢɬɟл/КɌ, ɜ ɬɨ 
ɜрɟɦя ɤаɤ ɛɨлɶɲая ɱаɫɬɶ аɧɬɢɬɟл ɬɟряɟɬ ɫɜɨɸ аɤɬɢɜ-
ɧɨɫɬɶ ɜɫлɟɞɫɬɜɢɟ ɱрɟɡɦɟрɧɨɝɨ ɜɨɫɫɬаɧɨɜлɟɧɢя [7]. 

В ɞаɧɧɨɣ раɛɨɬɟ ɛыл раɡраɛɨɬаɧ ɦɟɬɨɞ ɨрɢɟɧ-
ɬɢрɨɜаɧɧɨɣ ɤɨɧɴɸɝаɰɢɢ ɨɞАɬ ɧа ɩɨɜɟрɯɧɨɫɬɢ КɌ, 
ɤɨɬɨрыɣ ɩɨɡɜɨляɟɬ ɫɨɯраɧɢɬɶ ɛɢɨлɨɝɢɱɟɫɤуɸ аɤɬɢɜ-
ɧɨɫɬɶ аɧɬɢɬɟл ɢ ɡаɞаɬɶ ɢɯ ɫɬрɨɝуɸ ɨрɢɟɧɬаɰɢɸ ɧа 
ɩɨɜɟрɯɧɨɫɬɢ КɌ (рɢɫ. 2). Мɨɞɢɮɢɰɢрɨɜаɧɧыɟ ɨɞАɬ ɤ 
ɊЭА ɛылɢ ɩɨлуɱɟɧы ɝɟɧɧɨ-ɢɧɠɟɧɟрɧыɦɢ ɦɟɬɨɞаɦɢ 
ɩуɬɟɦ ɜɜɟɞɟɧɢя ɞɨɩɨлɧɢɬɟлɶɧɨɝɨ ɨɫɬаɬɤа ɰɢɫɬɟɢɧа 
ɧа С-ɤɨɧɰɟ аɦɢɧɨɤɢɫлɨɬɧɨɣ ɩɨɫлɟɞɨɜаɬɟлɶɧɨɫɬɢ. 
Ⱦля ɤɨɧɴɸɝаɰɢɢ ɫ КɌ ɛыл ɢɫɩɨлɶɡɨɜаɧ ɛɢɮуɧɤɰɢɨ-
ɧалɶɧыɣ ɫɲɢɜаɸɳɢɣ аɝɟɧɬ ɫулɶɮɨ-ɫулɶɮɨɫуɤɰɢɧɢ-
ɦɢɞɢл-4-[N-ɦалɟɢɦɢɞɨɦɟɬɢл] ɰɢɤлɨɝɟɤɫаɧ-1-ɤарɛɨ-
ɤɫɢлаɬ (Sulfo-SMCC), ɢɦɟɸɳɢɣ ɞɜɟ рɟаɤɰɢɨɧɧɨ-
ɫɩɨɫɨɛɧыɟ ɝруɩɩы; ɨɞɧа ɢɡ ɧɢɯ (N-ɨɤɫɢ-
ɫуɤɰɢɧɢɦɢɞɧыɣ эɮɢр) аɤɬɢɜɧа ɜ ɨɬɧɨɲɟɧɢɢ ɩɟр-

ɜɢɱɧыɯ аɦɢɧɨɝруɩɩ ɧа ɩɨɜɟрɯɧɨɫɬɢ КɌ, а ɜɬɨрая 
(ɦалɟɢɦɢɞɧая ɝруɩɩа) ɫɜяɡыɜаɟɬɫя ɫ ɬɢɨлɶɧɨɣ 
ɝруɩɩɨɣ ɰɢɫɬɟɢɧа ɜ ɫɨɫɬаɜɟ ɦɨɞɢɮɢɰɢрɨɜаɧɧɨɝɨ 
ɨɞАɬ. Сɧаɱала ɩрɨɜɨɞɢлɢ рɟаɤɰɢɸ ɜɡаɢɦɨɞɟɣɫɬɜɢя 
Sulfo-SMCC ɫ аɦɢɧɨɝруɩɩаɦɢ ɜ ɫɨɫɬаɜɟ ɨɛɨлɨɱɤɢ 
КɌ, ɩɨɫлɟ ɱɟɝɨ аɤɬɢɜɢрɨɜаɧɧыɟ КɌ ɨɱɢɳалɢ ɨɬ 
ɢɡɛыɬɤа рɟаɝɟɧɬа ɦɟɬɨɞɨɦ ɝɟлɶ-ɩрɨɧɢɤаɸɳɟɣ ɯрɨ-
ɦаɬɨɝраɮɢɢ. Ɂаɬɟɦ ɤ КɌ ɞɨɛаɜлялɢ ɨɞАɬ, ɜ рɟɡулɶ-
ɬаɬɟ ɱɟɝɨ ɬɢɨлɶɧыɟ ɝруɩɩы ɜ ɫɨɫɬаɜɟ ɨɞАɬ ɫɜяɡыɜа-
лɢɫɶ ɫ ɩɨɜɟрɯɧɨɫɬɶɸ КɌ, аɤɬɢɜɢрɨɜаɧɧыɯ ɫ ɩɨɦɨ-
ɳɶɸ Sulfo-SMCC. Ɂа ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɜ ɫɨɫɬаɜ ɦɨɞɢ-
ɮɢɰɢрɨɜаɧɧыɯ ɨɞАɬ ɛыла ɜɜɟɞɟɧа ɜɫɟɝɨ ɨɞɧа ɬɢ-
ɨлɶɧая ɝруɩɩа, ɩрɢɫɨɟɞɢɧɟɧɢɟ ɨɞАɬ ɩрɨɢɫɯɨɞɢлɨ 
ɬɨлɶɤɨ ɱɟрɟɡ С-ɤɨɧɰɟɜɨɣ аɦɢɧɨɤɢɫлɨɬɧыɣ ɨɫɬаɬɨɤ 
аɧɬɢɬɟл. В рɟɡулɶɬаɬɟ ɜɫɟ ɦɨлɟɤулы ɨɞАɬ, ɤɨɜа-
лɟɧɬɧɨ ɫɜяɡаɧɧыɟ ɫ ɩɨɜɟрɯɧɨɫɬɶɸ КɌ, ɫɬрɨɝɨ ɨрɢ-
ɟɧɬɢрɨɜаɧы ɨɬɧɨɫɢɬɟлɶɧɨ ɩɨɜɟрɯɧɨɫɬɢ КɌ, ɱɬɨ ɫɨ-
ɯраɧяɟɬ аɤɬɢɜɧɨɫɬɶ раɫɩɨɡɧаɸɳɟɝɨ ɰɟɧɬра, эɤɫɩɨ-
ɧɢрɨɜаɧɧɨɝɨ ɜ ɨɤруɠаɸɳуɸ ɫрɟɞу. Мɨлярɧɨɟ ɫɨ-
ɨɬɧɨɲɟɧɢɟ ɨɞАɬ:КɌ ɜ ɤɨɧɴɸɝаɬɟ ɩɨɞɫɱɢɬыɜалɢ, 
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ɨɩрɟɞɟляя ɫɨɞɟрɠаɧɢɟ ɛɟлɤа ɦɟɬɨɞɨɦ Ȼрɟɞɮɨрɞа ɢ 
ɩɨɞɫɱɢɬыɜая ɤɨɧɰɟɧɬраɰɢɸ КɌ, ɡɧая ɤɨэɮɮɢɰɢɟɧ-
ɬы эɤɫɬɢɧɤɰɢɢ КɌ ɞля ɩɟрɜɨɝɨ эɤɫɢɬɨɧа. Эɬɨ ɫɨɨɬ-
ɧɨɲɟɧɢɟ ɨɤаɡалɨɫɶ ɩрɢɦɟрɧɨ 4 ɨɞАɬ ɧа КɌ 
(ɨɞАɬ:КɌ = 4 : 1). 

ɂɡɦɟрɟɧɢя ɫ ɢɫɩɨлɶɡɨɜаɧɢɟɦ ɦɟɬɨɞа ȾɊС 
ɩɨɤаɡалɢ, ɱɬɨ ɤɨɧɴɸɝаɰɢя КɌ ɫ ɨɞАɬ-Cys ɩɨɡɜɨляɟɬ 
ɩɨлуɱɢɬɶ ɢɫɤлɸɱɢɬɟлɶɧɨ ɤɨɦɩаɤɬɧыɟ ɞɢаɝɧɨɫɬɢɱɟ-
ɫɤɢɟ ɦɟɬɤɢ. Ƚɢɞрɨɞɢɧаɦɢɱɟɫɤɢɟ ɞɢаɦɟɬры ɤɨɧɴɸ-
ɝаɬɨɜ КɌ–ɨɞАɬ (11,9 ɧɦ) лɢɲɶ ɧɟɦɧɨɝɨ ɛɨлɶɲɟ, 
ɱɟɦ ɞɢаɦɟɬры ɧɟɤɨɧɴɸɝɢрɨɜаɧɧыɯ КɌ (8,84 ɧɦ) ɢ 
ɝɨраɡɞɨ ɦɟɧɶɲɟ, ɱɟɦ раɡɦɟры ɫɟрɢɣɧɨ ɜыɩуɫɤаɟ-
ɦыɯ ɤɨɧɴɸɝаɬɨɜ КɌ–IgG (30,3 ɧɦ). 

 
Иɫɩɨльɡɨваɧие ɤɨɧɴɸɝаɬɨв КɌ–ɨɞАɬ  

в ɩɪɨɬɨчɧɨɣ ɰиɬɨɦеɬɪии 

Эɤɫɩɟрɢɦɟɧɬы ɩɨ ɢɦɦуɧɨɞɟɬɟɤɰɢɢ ɫ ɩɨɦɨɳɶɸ 
ɦɟɬɨɞа ɩрɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬрɢɢ ɩрɨɞɟɦɨɧɫɬрɢрɨɜалɢ, 
ɱɬɨ ɤɨɧɴɸɝаɬы КɌ–ɨɞАɬ ɫɩɟɰɢɮɢɱɟɫɤɢ ɫɜяɡыɜаɸɬ 
ɊЭА – рɟɰɟɩɬɨр ɤлɟɬɨɱɧɨɣ ɩɨɜɟрɯɧɨɫɬɢ, ɤɨɬɨрыɣ 
эɤɫɩрɟɫɫɢруɟɬ ɡɧаɱɢɬɟлɶɧая ɱаɫɬɶ ɨɩуɯɨлɟɜыɯ ɤлɟɬɨɤ 
ɱɟлɨɜɟɤа (рɢɫ. 3). ɉрɨɬɨɱɧая ɰɢɬɨɦɟɬрɢя ɫɦɟɫɟɣ ɤлɟ-
ɬɨɤ MC38-ɊЭА ɢ MC38 ɜ раɡлɢɱɧыɯ ɫɨɨɬɧɨɲɟɧɢяɯ 
(ɩрɨɰɟɧɬɧɨɟ ɫɨɞɟрɠаɧɢɟ ɊЭА-ɩɨлɨɠɢɬɟлɶɧыɯ ɤлɟɬɨɤ 
ɜ ɫɦɟɫɢ ɜарɶɢрɨɜалɨɫɶ ɨɬ 100% ɞɨ 1%), ɨɤраɲɟɧɧыɯ 
ɤɨɧɴɸɝаɬаɦɢ КɌ–ɨɞАɬ, ɩɨɤаɡала ɬɟɫɧуɸ ɤɨррɟляɰɢɸ 
ɦɟɠɞу ɱɢɫлɨɦ ɤлɟɬɨɤ, ɢɞɟɧɬɢɮɢɰɢрɨɜаɧɧыɯ ɤаɤ 
ɊЭА+, ɢ ɞɟɣɫɬɜɢɬɟлɶɧыɦ ɤɨлɢɱɟɫɬɜɨɦ ɊЭА+ ɤлɟɬɨɤ: 
ɞаɠɟ 1% ɊЭА+ ɤлɟɬɨɤ лɟɝɤɨ ɜыяɜлялɫя ɧа ɮɨɧɟ 99% 

ɊЭА– ɤлɟɬɨɤ (рɢɫ. 3). Эɬɨ ɩɨɞɬɜɟрɠɞаɟɬ ɜыɫɨɤуɸ 
ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɢ ɱуɜɫɬɜɢɬɟлɶɧɨɫɬɶ ɜыяɜлɟɧɢя ɊЭА-
эɤɫɩɟрɟɫ-ɫɢруɸɳɢɯ ɤлɟɬɨɤ ɫ ɩɨɦɨɳɶɸ ɤɨɧɴɸɝаɬɨɜ 
КɌ–ɨɞАɬ ɦɟɬɨɞɨɦ ɩрɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬрɢɢ. 

 
Ɂɚɤɥɸчɟɧɢɟ 
 
Мɟɬɨɞ ɨрɢɟɧɬɢрɨɜаɧɧɨɣ ɤɨɧɴɸɝаɰɢɢ, раɡраɛɨ-

ɬаɧɧыɣ ɜ ɞаɧɧɨɦ ɢɫɫлɟɞɨɜаɧɢɢ, ɩɨɡɜɨляɟɬ ɯɢɦɢɱɟɫɤɢ 
ɢɦɦɨɛɢлɢɡɨɜаɬɶ ɨɞАɬ ɧа ɩɨɜɟрɯɧɨɫɬɢ КɌ ɛɟɡ ɩɨɬɟрɢ 
ɮуɧɤɰɢɨɧалɶɧɨɣ аɤɬɢɜɧɨɫɬɢ аɧɬɢɬɟл ɬаɤɢɦ ɨɛраɡɨɦ, 
ɱɬɨ ɩраɤɬɢɱɟɫɤɢ ɜɫɟ ɰɟɧɬры ɫɜяɡыɜаɧɢя аɧɬɢɝɟɧа эɤɫ-
ɩɨɧɢрɨɜаɧы ɜ ɨɤруɠаɸɳуɸ ɫрɟɞу. ɉɨлуɱɟɧɧыɟ ɞɢ-
аɝɧɨɫɬɢɱɟɫɤɢɟ ɦɟɬɤɢ ɧа ɨɫɧɨɜɟ ɤɨɧɴɸɝаɬɨɜ КɌ–ɨɞАɬ 
ɢɦɟɸɬ ɤраɣɧɟ ɦалыɣ раɡɦɟр: ɢɯ ɝɢɞрɨɞɢɧаɦɢɱɟɫɤɢɣ 
ɞɢаɦɟɬр ɫɨɫɬаɜляɟɬ 11,9 ɧɦ, ɱɬɨ ɡɧаɱɢɬɟлɶɧɨ ɦɟɧɶɲɟ 
ɢɫɩɨлɶɡуɟɦыɯ ɜ ɧаɫɬɨяɳɟɟ ɜрɟɦя ɤɨɧɴɸɝаɬɨɜ ɩɨлɧɨ-
раɡɦɟрɧыɯ аɧɬɢɬɟл ɫ КɌ. В ɫрɟɞɧɟɦ, ɫ ɤаɠɞɨɣ КɌ 
ɤɨɧɴɸɝɢрɨɜаɧы ɨɞАɬ4 ɦɨлɟɤулы ɨɞАɬ. 

ɉɨлуɱɟɧɧыɟ ɞɢаɝɧɨɫɬɢɱɟɫɤɢɟ ɦɟɬɤɢ ɩрɢɦɟ-
ɧялɢ ɞля ɢɦɦуɧɨɞɟɬɟɤɰɢɢ ɊЭА-ɩɨлɨɠɢɬɟлɶɧыɯ 
ɤлɟɬɨɤ ɦɟɬɨɞɨɦ ɩрɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬрɢɢ. ɉɨɤаɡаɧа 
ɜыɫɨɤая ɱуɜɫɬɜɢɬɟлɶɧɨɫɬɶ ɦɟɬɨɤ: ɨɧɢ ɩɨɡɜɨляɸɬ 
ɜыяɜɢɬɶ ɊЭА-ɩɨлɨɠɢɬɟлɶɧыɟ ɤлɟɬɤɢ, ɞаɠɟ ɟɫлɢ ɢɯ 
ɫɨɞɟрɠаɧɢɟ ɜ ɤлɟɬɨɱɧɨɣ ɩɨɩуляɰɢɢ ɫɨɫɬаɜляɟɬ ɜɫɟ-
ɝɨ 1%. Ⱦаɧɧыɣ ɩɨɞɯɨɞ ɦɨɠɧɨ ɩрɢɦɟɧяɬɶ ɞля ɜыɫɨ-
ɤɨɬɨɱɧɨɣ ɞɟɬɟɤɰɢɢ ɞруɝɢɯ ɨɧɤɨɦарɤɟрɨɜ, ɧаɩрɢ-
ɦɟр, рɟɰɟɩɬɨрɨɜ эɩɢɞɟрɦалɶɧɨɝɨ ɮаɤɬɨра рɨɫɬа, 
ɦɟɬɨɞɨɦ ɩрɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬрɢɢ. 

 
Ȼлаɝɨɞаɪɧɨɫɬи 
Ⱦаɧɧаɹ ɪаɛоɬа фиɧаɧɫиɪоɜаɥаɫɶ Ɇиɧиɫɬеɪɫɬɜоɦ оɛɪаɡоɜаɧиɹ и ɧаɭки Ɋоɫɫиɣɫкоɣ Ɏеɞеɪации ɜ ɪаɦкаɯ 

ɩɪоɝɪаɦɦы ɩɪиɜɥеɱеɧиɹ ɜеɞɭɳиɯ ɭɱеɧыɯ ɜ ɪоɫɫиɣɫкие оɛɪаɡоɜаɬеɥɶɧые ɭɱɪеɠɞеɧиɹ ɜыɫɲеɝо ɩɪофеɫɫиоɧаɥɶɧо-
ɝо оɛɪаɡоɜаɧиɹ (ɩɪоф. Иɝоɪɶ Ɋɭфаиɥоɜиɱ ɇаɛиеɜ, ɝɪаɧɬ № 11.G34.31.0050, www.lnbe.mephi.ru). 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁУȿɆЫХ ɋɈɄɊАЩȿɇɂɃ 

КɌ ɤɜаɧɬɨɜая ɬɨɱɤа 
ɨɞАɬ ɨɞɧɨɞɨɦɟɧɧɨɟ аɧɬɢɬɟлɨ 
ɊЭА раɤɨɜɨ-эɦɛрɢɨɧалɶɧыɣ аɧɬɢɝɟɧ 
Sulfo-SMCC ɫулɶɮɨ-ɫулɶɮɨɫуɤɰɢɧɢɦɢɞɢл-4-[N-ɦалɟɢɦɢɞɨɦɟɬɢл]ɰɢɤлɨɝɟɤɫаɧ-1-ɤарɛɨɤɫɢлаɬ 
QDs quantum dots 
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