
ɇɚɧɨɬɟɯɧɨɥɨɝɢɢɇɚɧɨɬɟɯɧɨɥɨɝɢɢ
 

ɜɜ
 

ɦɟɞɢɰɢɧɟɦɟɞɢɰɢɧɟ::

ɫɨɫɬɨɹɧɢɟɫɨɫɬɨɹɧɢɟ
 

ɢɢ
 

ɩɟɪɫɩɟɤɬɢɜɵɩɟɪɫɩɟɤɬɢɜɵ

ȼȼ..ȺȺ. . ɌɤɚɱɭɤɌɤɚɱɭɤ

ǼȈȒțȓȤȚȍȚ
 

ǼțȕȌȈȔȍȕȚȈȓȤȕȖȑ
 

ǴȍȌȐȞȐȕȣ
Ǵǫǻ

 

ȐȔȍȕȐ
 

Ǵ.Ǫ. ǳȖȔȖȕȖșȖȊȈ



ɩɪɢɦɟɧɟɧɢɟɩɪɢɦɟɧɟɧɢɟ
 

ɦɚɤɪɨɦɨɥɟɤɭɥɦɚɤɪɨɦɨɥɟɤɭɥ
 

ɢɢ
 

ɧɚɧɨɱɚɫɬɢɰɧɚɧɨɱɚɫɬɢɰ
 

ɞɥɹɞɥɹ
 

ɞɢɚɝɧɨɫɬɢɤɢɞɢɚɝɧɨɫɬɢɤɢ
 

ɢɢ
 

ɥɟɱɟɧɢɹɥɟɱɟɧɢɹ
ɛɨɥɟɡɧɟɣɛɨɥɟɡɧɟɣ, , ɚɚ

 

ɬɚɤɠɟɬɚɤɠɟ
 

ɪɟɩɚɪɚɰɢɢɪɟɩɚɪɚɰɢɢ
 

ɩɨɜɪɟɠɞɟɧɧɵɯɩɨɜɪɟɠɞɟɧɧɵɯ
 

ɬɤɚɧɟɣɬɤɚɧɟɣ
 

((National Institutes National Institutes 
of Health, USA)of Health, USA)

ɇɚɧɨɦɟɞɢɰɢɧɚɇɚɧɨɦɟɞɢɰɢɧɚ::

Ɇɧɨɝɨɤɥɟɬɨɱɧɵɟ
ɨɪɝɚɧɢɡɦɵ

 

(1 mm >)

Ȼɟɥɤɢ, ȾɇɄ
ɊɇɄ,  ɚɧɬɢɬɟɥɚ, 

ɜɢɪɭɫɵ

 

(1 -100 nm)

Ⱥɬɨɦɵ

 

(0,1-0,5nm) Ȼɚɤɬɟɪɢɢ

 

(0,1 -10 μm)

ɗɪɢɬɪɨɰɢɬɵ

 

(10

 

μm)

əɣɰɟɤɥɟɬɤɚ
ɱɟɥɨɜɟɤɚ

 

(100 μm)

ȼɢɞɢɦɵɣȼɢɞɢɦɵɣ

 

ɫɜɟɬɫɜɟɬ

 

(1(1

 

μμmm))

ɂɧɮɪɚɤɪɚɫɧɵɟɂɧɮɪɚɤɪɚɫɧɵɟ
ɅɭɱɢɅɭɱɢ

 

(1(100

 

μμmm))

ɊɟɧɬɝɟɧɨɜɫɤɨɟɊɟɧɬɝɟɧɨɜɫɤɨɟ
ɢɡɥɭɱɟɧɢɟɢɡɥɭɱɟɧɢɟ

 

(0,1(0,1--10 10 nmnm))
ɍɥɶɬɪɚɮɢɨɥɟɬɍɥɶɬɪɚɮɢɨɥɟɬ

 

(100 (100 nmnm)) ɆɢɤɪɨɜɨɥɧɵɆɢɤɪɨɜɨɥɧɵ

 

(1 (1 smsm))

1010--1212

 

mm
((pmpm))

1010--99

 

mm
((nmnm))

1010--66

 

mm
((μμmm))

1010--33

 

mm
((mmmm))

1010--77

 

mm

ɇɇ
 

ɚɚ
 

ɧɧ
 

ɨɨ
 

ɲɲ
 

ɤɤ
 

ɚɚ
 

ɥɥ
 

ɚɚ

1 1 mm



ɇɚɧɨɬɟɯɧɨɥɨɝɢɢɇɚɧɨɬɟɯɧɨɥɨɝɢɢ
 

ɜɜ
 

ɦɟɞɢɰɢɧɟɦɟɞɢɰɢɧɟ

ȼɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɨɟ
 

ɨɩɪɟɞɟɥɟɧɢɟ
 

ɛɢɨɦɚɪɤɟɪɨɜ
 

(ȾɇɄ, ɛɟɥɤɢ, ɦɟɬɚɛɨɥɢɬɵ) 

ɜ

 

ɰɟɥɹɯ

 

ɞɢɚɝɧɨɫɬɢɤɢ

 

ɡɚɛɨɥɟɜɚɧɢɣ

 

ɢ

 

ɤɨɧɬɪɨɥɹ

 

ɡɚ

 

ɩɪɨɰɟɫɫɨɦ

 

ɥɟɱɟɧɢɹ

 

ȼɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɨɟ
 

ɨɩɪɟɞɟɥɟɧɢɟ
 

ɛɢɨɦɚɪɤɟɪɨɜ
(ȾɇɄ, ɛɟɥɤɢ, ɦɟɬɚɛɨɥɢɬɵ) 

ɜ

 

ɰɟɥɹɯ

 

ɞɢɚɝɧɨɫɬɢɤɢ

 

ɡɚɛɨɥɟɜɚɧɢɣ

 

ɢ

 

ɤɨɧɬɪɨɥɹ

 

ɡɚ

 

ɩɪɨɰɟɫɫɨɦ

 

ɥɟɱɟɧɢɹ

ȼɢɡɭɚɥɢɡɚɰɢɹ
 

ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ
ɩɪɨɰɟɫɫɨɜ

 

ɜ
 

ɨɪɝɚɧɢɡɦɟ
ɫ

 

ɩɨɦɨɳɶɸ

 

ɫɟɥɟɤɬɢɜɧɵɯ

 

ɤɨɧɬɪɚɫɬɧɵɯ

 

ɚɝɟɧɬɨɜ

 

ɧɚ

 

ɨɫɧɨɜɟ

 

ɧɚɧɨɱɚɫɬɢɰ

 

ȼɢɡɭɚɥɢɡɚɰɢɹ
 

ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ
ɩɪɨɰɟɫɫɨɜ

 

ɜ
 

ɨɪɝɚɧɢɡɦɟ
ɫ

 

ɩɨɦɨɳɶɸ

 

ɫɟɥɟɤɬɢɜɧɵɯ

 

ɤɨɧɬɪɚɫɬɧɵɯ

 

ɚɝɟɧɬɨɜ

 

ɧɚ

 

ɨɫɧɨɜɟ

 

ɧɚɧɨɱɚɫɬɢɰ

Ɋɚɡɪɚɛɨɬɤɚ
 

ɫɢɫɬɟɦ
 

ɚɞɪɟɫɧɨɣ
 

ɞɨɫɬɚɜɤɢ
 

ɥɟɤɚɪɫɬɜɟɧɧɵɯ
 

ɜɟɳɟɫɬɜ, 

ɝɟɧɨɜ ɢ ɛɟɥɤɨɜ ɜ ɤɥɟɬɤɢ ɢ ɬɤɚɧɢ

 

ɫ ɩɨɦɨɳɶɸ
ɧɚɧɨɱɚɫɬɢɰ,  ɜɢɪɭɫɧɵɯ

 

ɱɚɫɬɢɰ, ɥɢɩɨɫɨɦ ɢ
ɦɨɥɟɤɭɥɹɪɧɵɯ

 

ɦɨɬɨɪɨɜ

 

Ɋɚɡɪɚɛɨɬɤɚ
 

ɫɢɫɬɟɦ
 

ɚɞɪɟɫɧɨɣ
 

ɞɨɫɬɚɜɤɢ
 

ɥɟɤɚɪɫɬɜɟɧɧɵɯ
 

ɜɟɳɟɫɬɜ, 

ɝɟɧɨɜ ɢ ɛɟɥɤɨɜ ɜ ɤɥɟɬɤɢ ɢ ɬɤɚɧɢ

 

ɫ ɩɨɦɨɳɶɸ
ɧɚɧɨɱɚɫɬɢɰ,  ɜɢɪɭɫɧɵɯ

 

ɱɚɫɬɢɰ, ɥɢɩɨɫɨɦ

 

ɢ
ɦɨɥɟɤɭɥɹɪɧɵɯ

 

ɦɨɬɨɪɨɜ

ɋɨɡɞɚɧɢɟ
 

ɧɚɧɨɪɨɛɨɬɨɜ
ɞɥɹ

 

ɤɨɪɪɟɤɰɢɢ

 

ɤɥɟɬɨɱɧɵɯ
ɢ

 

ɦɨɥɟɤɭɥɹɪɧɵɯ

 

ɞɟɮɟɤɬɨɜ
ɜ

 

ɨɪɝɚɧɢɡɦɟ

ɋɨɡɞɚɧɢɟ
 

ɧɚɧɨɪɨɛɨɬɨɜ
ɞɥɹ

 

ɤɨɪɪɟɤɰɢɢ

 

ɤɥɟɬɨɱɧɵɯ
ɢ

 

ɦɨɥɟɤɭɥɹɪɧɵɯ

 

ɞɟɮɟɤɬɨɜ
ɜ

 

ɨɪɝɚɧɢɡɦɟ



ɇɚɧɨɱɚɫɬɢɰɵɇɚɧɨɱɚɫɬɢɰɵ ɈɛɥɚɫɬɶɈɛɥɚɫɬɶ
 

ɩɪɢɦɟɧɟɧɢɹɩɪɢɦɟɧɟɧɢɹ ɏɚɪɚɤɬɟɪɢɫɬɢɤɢɏɚɪɚɤɬɟɪɢɫɬɢɤɢ
Ʉɜɚɧɬɨɜɵɟ

 

ɬɨɱɤɢ Ɏɥɭɨɪɟɫɰɟɧɬɧɵɟ
 

ɦɟɬɤɢ
 

ɞɥɹ
 

ɠɢɜɵɯ
 

ɤɥɟɬɨɤ, 
ɪɟɰɟɩɬɨɪɨɜ, ɪɚɤɨɜɵɯ

 
ɦɚɪɤɟɪɨɜ

ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ
 

ɧɚɧɨɤɪɢɫɬɚɥɥɵ
 

ɫ
 

ɡɚɞɚɜɚɟɦɵɦ
 

ɫɩɟɤɬɪɨɦ
 

ɷɦɢɫɫɢɢ
Ɇɚɝɧɢɬɧɵɟ

 
ɧɚɧɨɱɚɫɬɢɰɵ

Ɉɩɪɟɞɟɥɟɧɢɟ
 

ȾɇɄ, 
ɛɟɥɤɨɜ, ɜɢɪɭɫɨɜ, 
ɤɨɧɬɪɚɫɬɧɵɟ

 

ɚɝɟɧɬɵ
 

ɞɥɹ
 

ɆɊɌ

ɋɨɞɟɪɠɚɬ
 

ɫɭɩɟɪɩɚɪɚɦɚɝɧɢɬɧɨɟ
 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ
 

ɹɞɪɨ
 

ɢɡ
 

ɨɤɫɢɞɚ
 

ɠɟɥɟɡɚ
«ɉɟɪɟɲɢɬɵɟ»

 
ɧɚɧɨɱɚɫɬɢɰɵ

 

ɨɤɫɢɞɚ
 

ɠɟɥɟɡɚ

Ɉɩɪɟɞɟɥɟɧɢɟ
 

ɪɚɤɨɜɵɯ
 

ɦɚɪɤɟɪɨɜ, ɜɢɡɭɚɥɢɡɚɰɢɹ
 

ɜɧɭɬɪɢɱɟɪɟɩɧɵɯ
 

ɨɩɭɯɨɥɟɣ

«ɉɟɪɟɲɢɬɚɹ»
 

ɩɨɜɟɪɯɧɨɫɬɶ
ɧɚɧɨɱɚɫɬɢɰ

 

ɥɟɝɱɟ
 

ɦɨɞɢɮɢɰɢɪɭɟɬɫɹ
 

ɚɧɬɢɬɟɥɚɦɢ

ɉɪɢɦɟɧɟɧɢɟɉɪɢɦɟɧɟɧɢɟ
 

ɧɚɧɨɬɟɯɧɨɥɨɝɢɣɧɚɧɨɬɟɯɧɨɥɨɝɢɣ
 

ɞɥɹɞɥɹ
 

ɜɢɡɭɚɥɢɡɚɰɢɢɜɢɡɭɚɥɢɡɚɰɢɢ
 

ɜɜ
 

ɦɟɞɢɰɢɧɟɦɟɞɢɰɢɧɟ



ɇɚɧɨɱɚɫɬɢɰɵɇɚɧɨɱɚɫɬɢɰɵ
 

ɩɨɡɜɨɥɹɸɬɩɨɡɜɨɥɹɸɬ
 

ɜɵɹɜɥɹɬɶɜɵɹɜɥɹɬɶ
ɦɟɬɚɫɬɚɡɵɦɟɬɚɫɬɚɡɵ

 
ɜɜ

 
ɥɢɦɮɨɭɡɥɚɯɥɢɦɮɨɭɡɥɚɯ

Harisinghani MG et al., N EnglJ Med 348:2491–2499,2003.



ǴȍȚȈȓȓȐȟȍșȒȐȍǴȍȚȈȓȓȐȟȍșȒȐȍ
 

ȕȈȕȖȟȈșȚȐȞȣȕȈȕȖȟȈșȚȐȞȣ
 

ȌȓȧȌȓȧ
 ȊȣȧȊȓȍȕȐȧȊȣȧȊȓȍȕȐȧ

 

ȔȍȚȈșȚȈȏȔȍȚȈșȚȈȏ
 

ȔȍȚȖȌȖȔȔȍȚȖȌȖȔ
 

ȇǴǸȇǴǸ



ȼɢɡɭɚɥɢɡɚɰɢɹȼɢɡɭɚɥɢɡɚɰɢɹ
 

ɦɟɬɚɫɬɚɡɨɜɦɟɬɚɫɬɚɡɨɜ
 

ɜɜ
 

ɥɢɦɮɨɭɡɥɚɯɥɢɦɮɨɭɡɥɚɯ
 

ɩɪɢɩɪɢ
 

ɪɚɤɟɪɚɤɟ
ɩɪɨɫɬɚɬɵɩɪɨɫɬɚɬɵ

 

ɫɫ
 

ɩɨɦɨɳɶɸɩɨɦɨɳɶɸ
 

ɥɢɦɮɨɬɪɨɩɧɵɯɥɢɦɮɨɬɪɨɩɧɵɯ
 

ɧɚɧɨɱɚɫɬɢɰɧɚɧɨɱɚɫɬɢɰ
ɢɢ

 

ɦɚɝɧɢɬɧɨɦɚɝɧɢɬɧɨ--ɪɟɡɨɧɚɧɫɧɨɣɪɟɡɨɧɚɧɫɧɨɣ
 

ɬɨɦɨɝɪɚɮɢɢɬɨɦɨɝɪɚɮɢɢ

Jaffer

 

FA

 

,Weissleder R.

JAMA293:855–862,2005.



ɉɪɢɦɟɧɟɧɢɟɉɪɢɦɟɧɟɧɢɟ
 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ
 

ɧɚɧɨɤɪɢɫɬɚɥɥɨɜɧɚɧɨɤɪɢɫɬɚɥɥɨɜ
((ɤɜɚɧɬɨɜɵɯɤɜɚɧɬɨɜɵɯ

 

ɬɨɱɟɤɬɨɱɟɤ) ) ɢɢ
 

ɦɟɬɚɥɥɢɱɟɫɤɢɯɦɟɬɚɥɥɢɱɟɫɤɢɯ
 

ɧɚɧɨɤɪɢɫɬɚɥɥɨɜɧɚɧɨɤɪɢɫɬɚɥɥɨɜ
ɞɥɹɞɥɹ

 

ɫɨɡɞɚɧɢɹɫɨɡɞɚɧɢɹ
 

ɫɢɫɬɟɦɫɢɫɬɟɦ
 

ɦɭɥɶɬɢɩɥɟɤɫɧɨɝɨɦɭɥɶɬɢɩɥɟɤɫɧɨɝɨ
 

ɚɧɚɥɢɡɚɚɧɚɥɢɡɚ
 ((ɧɚɧɨɱɢɩɨɜɧɚɧɨɱɢɩɨɜ))

ɋhan

 

WC et al , Curr

 

Opin

 

Biotechnol1

 

3:40–46,2002.



ɇɚɧɨɱɢɩɨɜɚɹɇɚɧɨɱɢɩɨɜɚɹ
 

ɬɟɯɧɨɥɨɝɢɹɬɟɯɧɨɥɨɝɢɹ
 

ɩɨɡɜɨɥɹɟɬɩɨɡɜɨɥɹɟɬ
 

ɝɟɧɟɪɢɪɨɜɚɬɶɝɟɧɟɪɢɪɨɜɚɬɶ
 

100 100 

ɦɢɥɥɢɨɧɨɜɦɢɥɥɢɨɧɨɜ
 

ɬɨɱɟɤɬɨɱɟɤ
 

ɧɚɧɚ
 

ɬɨɣɬɨɣ
 

ɠɟɠɟ
 

ɩɥɨɳɚɞɢɩɥɨɳɚɞɢ, , ɤɨɬɨɪɭɸɤɨɬɨɪɭɸ
 

ɡɚɧɢɦɚɟɬɡɚɧɢɦɚɟɬ
ɨɞɧɚɨɞɧɚ

 

ɬɨɱɤɚɬɨɱɤɚ
 

ɜɜ
 

ɦɢɤɪɨɱɢɩɟɦɢɤɪɨɱɢɩɟ

Ginger DS et al  , Angew Chem Int Ed Engl 43:30–45,2004



ȼɵɹɜɥɟɧɢɟȼɵɹɜɥɟɧɢɟ
 

ɪɚɤɨɜɵɯɪɚɤɨɜɵɯ
 

ɦɚɪɤɟɪɨɜɦɚɪɤɟɪɨɜ
 

ɧɚɧɚ
 

ɤɥɟɬɤɚɯɤɥɟɬɤɚɯ
ɫɫ

 

ɩɨɦɨɳɶɸɩɨɦɨɳɶɸ
 

ɤɜɚɧɬɨɜɵɯɤɜɚɧɬɨɜɵɯ
 

ɬɨɱɟɤɬɨɱɟɤ



ȼɢɡɭɚɥɢɡɚɰɢɹȼɢɡɭɚɥɢɡɚɰɢɹ
 

ɦɢɤɪɨɫɨɫɭɞɨɜɦɢɤɪɨɫɨɫɭɞɨɜ
 

ɫɫ
 

ɩɨɦɨɳɶɸɩɨɦɨɳɶɸ
 ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ

 

ɤɜɚɧɬɨɜɵɯɤɜɚɧɬɨɜɵɯ
 

ɬɨɱɟɤɬɨɱɟɤ
 

ɜɜ
 

ɤɨɠɟɤɨɠɟ
 ɦɵɲɢɦɵɲɢ

 

((ɝɥɭɛɢɧɚɝɥɭɛɢɧɚ
 

100 100 ɦɤɦɦɤɦ))

Larson

 

DR

 

et al..

 

Science300:1434–1436,2003



ɇɚɧɨɱɚɫɬɢɰɵɇɚɧɨɱɚɫɬɢɰɵ
 

quantum dots quantum dots ɞɥɹɞɥɹ
 ɜɵɹɜɥɟɧɢɹɜɵɹɜɥɟɧɢɹ

 
ɨɱɚɝɨɜɨɱɚɝɨɜ

 
ɨɩɭɯɨɥɟɣɨɩɭɯɨɥɟɣ



ɇɚɧɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣɇɚɧɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ
 

ɩɪɨɞɭɤɬɩɪɨɞɭɤɬ
ɈɛɥɚɫɬɶɈɛɥɚɫɬɶ

 

ɩɪɢɦɟɧɟɧɢɹɩɪɢɦɟɧɟɧɢɹ ɏɚɪɚɤɬɟɪɢɫɬɢɤɢɏɚɪɚɤɬɟɪɢɫɬɢɤɢ

ɇɚɧɨɱɚɫɬɢɰɵ

 

ɡɨɥɨɬɚ Ɉɩɪɟɞɟɥɟɧɢɟ

 

ȾɇɄ Ȼɵɫɬɪɵɣ

 

ɬɟɫɬ

 

ɫ

 

ɩɪɨɫɬɵɦ

 

ɨɩɬɢɱɟɫɤɢɦ

 

ɫɱɢɬɵɜɚɧɢɟɦ

ɇɚɧɨɱɚɫɬɢɰɵ

 

ɤɪɟɦɧɢɹ Ɉɩɪɟɞɟɥɟɧɢɟ

 

ȾɇɄ Ɇɢɤɪɨɱɢɩɨɜɵɣ

 

«ɫɟɧɞɜɢɱ»-ɚɧɚɥɢɡ

 

ȾɇɄ

ɋɤɚɧɨɦɟɬɪɢɱɟɫɤɢɣ

 

ɦɟɬɨɞ

 

ɫ

 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ

 

ɧɚɧɨɱɚɫɬɢɰ

 

ɡɨɥɨɬɚ

 

ɜ

 

ɤɚɱɟɫɬɜɟ

 

ɡɨɧɞɨɜ

Ɉɩɪɟɞɟɥɟɧɢɟ

 

ȾɇɄ 100-ɤɪɚɬɧɨɟ

 

ɩɨɜɵɲɟɧɢɟ

 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ

 

ɩɨ
ɫɪɚɜɧɟɧɢɸ

 

ɫɨ

 

ɫɬɚɧɞɚɪɬɧɵɦɢ

 

ɦɟɬɨɞɚɦɢ

Ȼɢɨ-ɲɬɪɢɯɤɨɞɨɜɨɟ

 

ɭɫɢɥɟɧɢɟ

 

ɫɢɝɧɚɥɚ

 

ɫ

 

ɩɨɦɨɳɶɸ

 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ

 

ɧɚɧɨɫɱɚɫɬɢɰ

Ɉɩɪɟɞɟɥɟɧɢɟ

 

ȾɇɄ
ɢ ɛɟɥɤɨɜ

Ɂɨɥɨɬɵɟ

 

ɧɚɧɨɱɚɫɬɢɰɵ

 

ɢ

 

ɦɚɝɧɢɬɧɵɟ

 

ɦɢɤɪɨɱɚɫɬɢɰɵ

 

ɨɛɟɫɩɟɱɢɜɚɸɬ

 

ɨɱɟɧɶ

 

ɜɵɫɨɤɭɸ
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ

 

ɩɪɢ

 

ɫɜɹɡɵɜɚɧɢɢ

 

ɦɢɲɟɧɟɣ

Ɂɨɥɨɬɵɟ

 

ɧɚɧɨɪɚɤɨɜɢɧɵ Ɉɩɪɟɞɟɥɟɧɢɟ

 

ɛɟɥɤɨɜ Ⱥɧɬɢɬɟɥɚ

 

ɤɨɧɴɸɝɢɪɭɸɬɫɹ

 

ɫ

 

ɩɨɜɟɪɯɧɨɫɬɶɸ

 

ɧɚɧɨɪɚɤɨɜɢɧ

ɇɚɧɨɬɪɭɛɤɢ

 

ɢ

 

ɧɚɧɨɩɪɨɜɨɞɚ Ɉɩɪɟɞɟɥɟɧɢɟ

 

ȾɇɄ
ɢ ɛɟɥɤɨɜ

ɇɚɧɨɬɪɭɛɤɢ

 

ɢ

 

ɧɚɧɨɩɪɨɜɨɞɚ

 

ɩɨɤɪɵɜɚɸɬɫɹ

 

ɫɨɨɬɜɟɫɬɜɭɸɳɢɦɢ

 

ɚɧɬɢɬɟɥɚɦɢ

ɇɚɧɨɪɵɱɚɝɢ Ɉɩɪɟɞɟɥɟɧɢɟ

 

ɝɟɧɨɜ, ɊɇɄ, 
ɛɟɥɤɨɜ, ɛɚɤɬɟɪɢɣ, ɜɢɪɭɫɨɜ

ȼɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɵɟ

 

ɫɟɧɫɨɪɵ

 

ɦɚɫɫɵ, ɦɨɝɭɬ
ɛɵɬɶ

 

ɞɟɪɢɜɚɬɢɡɢɪɨɜɚɧɵ

 

ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ

 

ɦɨɥɟɤɭɥɚɦɢ

ɇɚɧɨɦɚɬɪɢɰɵ Ɉɩɪɟɞɟɥɟɧɢɟ

 

ȾɇɄ
ɢ ɛɟɥɤɨɜ

Ɉɝɪɨɦɧɵɣ

 

ɩɨɬɟɧɰɢɚɥ

 

ɞɥɹ

 

ɦɭɥɶɬɢɩɥɟɤɫɧɨɝɨ

 

ɚɧɚɥɢɡɚ

 

ɢ

 

ɫɨɡɞɚɧɢɹ

 

ɭɧɢɜɟɪɫɚɥɶɧɵɯ

 

ɛɢɨɱɢɩɨɜ

ɇɚɧɨɮɥɭɢɞɢɤɚ Ɉɩɪɟɞɟɥɟɧɢɟ

 

ȾɇɄ, 
ɫɨɪɬɢɪɨɜɤɚ

 

ɤɥɟɬɨɤ, 
ɝɟɧɟɬɢɱɟɫɤɨɟ

 

ɪɨɮɢɥɢɪɨɜɚɧɢɟ

Ɋɚɡɪɚɛɨɬɤɚ

 

ɱɢɩɨɜ-ɥɚɛɨɪɚɬɨɪɢɣ

ɉɪɢɦɟɧɟɧɢɟ
 

ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ
 

ɞɥɹ
 

ɞɢɚɝɧɨɫɬɢɤɢ
 

ɜ
 

ɦɟɞɢɰɢɧɟ



ɇɚɧɨɱɚɫɬɢɰɵɇɚɧɨɱɚɫɬɢɰɵ
 

((nanoshellsnanoshells) ) ɤɚɤɤɚɤ
 ɤɨɧɬɟɣɧɟɪɵɤɨɧɬɟɣɧɟɪɵ

 

ɞɥɹɞɥɹ
 

ɩɟɪɟɧɨɫɚɩɟɪɟɧɨɫɚ
 ɝɟɧɟɬɢɱɟɫɤɨɝɨɝɟɧɟɬɢɱɟɫɤɨɝɨ

 

ɦɚɬɟɪɢɚɥɚɦɚɬɟɪɢɚɥɚ

Halas N: Cancer nanotechNOVAscienceNOW, 

www.pbs.org/wgbh/nova/sciencenow/3209/03-canc-nf.html.  

Accessed March 2006.



ɉɪɢɝɨɬɨɜɥɟɧɢɟɉɪɢɝɨɬɨɜɥɟɧɢɟ
 ɤɨɦɩɥɟɤɫɨɜɤɨɦɩɥɟɤɫɨɜ

 
ȾɇɄȾɇɄ

 ɫɫ
 

ɧɚɧɨɱɚɫɬɢɰɚɦɢɧɚɧɨɱɚɫɬɢɰɚɦɢ

ɤɨɦɩɥɟɤɫɤɨɦɩɥɟɤɫ
 

ȾɇɄȾɇɄ//

ɩɨɥɢɤɚɬɢɨɧɩɨɥɢɤɚɬɢɨɧ

ɩɥɚɡɦɢɞɧɚɹɩɥɚɡɦɢɞɧɚɹ
 

ȾɇɄȾɇɄ ɩɨɥɢɤɚɬɢɨɧɩɨɥɢɤɚɬɢɨɧ

ɩɨɥɢɚɧɢɨɧɩɨɥɢɚɧɢɨɧ

ɤɨɦɩɥɟɤɫɤɨɦɩɥɟɤɫ
 

ȾɇɄȾɇɄ//

ɩɨɥɢɤɚɬɢɨɧɩɨɥɢɤɚɬɢɨɧ//ɩɨɥɢɚɧɢɨɧɩɨɥɢɚɧɢɨɧ



ɋɬɢɦɭɥɹɰɢɹɋɬɢɦɭɥɹɰɢɹ
 

ɚɧɝɢɨɚɧɝɢɨ--ɚɪɬɟɪɢɨɝɟɧɟɡɚɚɪɬɟɪɢɨɝɟɧɟɡɚ
 

ɢɢ
 

ɭɦɟɧɶɲɟɧɢɟɭɦɟɧɶɲɟɧɢɟ
 ɪɚɡɦɟɪɚɪɚɡɦɟɪɚ

 

ɢɧɮɚɪɤɬɚɢɧɮɚɪɤɬɚ
 

ɩɪɢɩɪɢ
 

ɜɜɟɞɟɧɢɢɜɜɟɞɟɧɢɢ
 

ɩɥɚɡɦɢɞɵɩɥɚɡɦɢɞɵ
 

ɫɫ
 

ɤȾɇɄɤȾɇɄ
 VEGF VEGF --165 165 ɜɜ

 

ɩɟɪɢɢɧɮɚɪɤɬɧɭɸɩɟɪɢɢɧɮɚɪɤɬɧɭɸ
 

ɡɨɧɭɡɨɧɭ
 

ɫɟɪɞɰɚɫɟɪɞɰɚ
 

ɤɪɵɫɵɤɪɵɫɵ

Ʉɚɩɢɥɥɹɪɵ, 7 ɞɧɟɣ Ʉɚɩɢɥɥɹɪɵ, 14 ɞɧɟɣ
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Ɉɛɪɚɡɨɜɚɧɢɟ
 

ɧɨɜɵɯ
 

ɤɪɨɜɟɧɨɫɧɵɯ
 

ɫɨɫɭɞɨɜ
 

ɩɨɫɥɟ
 ɢɧɴɟɤɰɢɢ

 

ɝɟɧɚ
 

phVEGF165

Ⱦɨ
 

ɢɧɴɟɤɰɢɢ ɑɟɪɟɡ
 

8 ɧɟɞɟɥɶ



ɘ. ɋɜɢɞɢɧɟɧɤɨ
 

, nanotech-now.com

Julian Baum/Science Photo Library

ɇɚɧɨɪɨɛɨɬɵɇɚɧɨɪɨɛɨɬɵ



ɆɨɥɟɤɭɥɹɪɧɵɟɆɨɥɟɤɭɥɹɪɧɵɟ
 

ɦɨɬɨɪɵɦɨɬɨɪɵ
 

––
 ɛɢɨɫɨɜɦɟɫɬɢɦɵɟɛɢɨɫɨɜɦɟɫɬɢɦɵɟ

 

ɞɜɢɝɚɬɟɥɢɞɜɢɝɚɬɟɥɢ
 

ɞɥɹɞɥɹ
 ɧɚɧɨɪɨɛɨɬɨɜɧɚɧɨɪɨɛɨɬɨɜ

ȔȐȖȏȐȕȣȔȐȖȏȐȕȣ
 

ȒȐȕȍȏȐȕȣȒȐȕȍȏȐȕȣ
 

ȌȐȕȍȐȕȣȌȐȕȍȐȕȣ

REGULATORY

LIGHT CHAIN

ESSENTIAL 

LIGHT CHAIN

ɦɢɨɡɢɧ
 

II

7 nm

ɚɤɬɢɧ

Ⱦɜɢɠɟɧɢɟ

 

ɩɨɥɢɦɟɪɨɜ

 

ɚɤɬɢɧɚ

 

ɩɨ

 

ɫɬɟɤɥɭ, 

ɩɨɤɪɵɬɨɦɭ

 

ɦɢɨɡɢɧɨɦ



ȼȼ
 

ɩɟɪɟɞɚɱɭɩɟɪɟɞɚɱɭ
 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ
 

ɫɢɝɧɚɥɨɜɫɢɝɧɚɥɨɜ
 ɜɨɜɥɟɱɟɧɵɜɨɜɥɟɱɟɧɵ

 

ɛɟɥɤɢɛɟɥɤɢ
 

ɢɢ
 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ
 ɫɢɝɧɚɥɶɧɵɟɫɢɝɧɚɥɶɧɵɟ

 

ɦɨɥɟɤɭɥɵɦɨɥɟɤɭɥɵ
ɚɬɨɦ

ɵ
ɦ
ɨɥɟɤɭɥɵ

ɨɪɝɚɧɟɥɥɵ
ɤɥɟɬɤɢ

ɹɞɪɨ

ɬɪɚɧɫɤɪɢɩɰɢɹ

ɪɟɰɟɩɬɨɪ-

 
ɩɪɨɬɟɢɧ-

 
ɤɢɧɚɡɚ

ɪɟɰɟɩɬɨɪ

ɢɨɧɵ

ɜɬɨɪɢɱɧɵɟ
 

ɦɟɫɫɟɧɞɠɟɪɵ

ɢɨɧɧɵɣ
 

ɤɚɧɚɥ

ɛɟɥɨɤ-ɦɢɲɟɧɶ



ɇɚɧɨɦɨɥɟɤɭɥɹɪɧɵɟɇɚɧɨɦɨɥɟɤɭɥɹɪɧɵɟ
 

ɛɢɨɫɟɧɫɨɪɵɛɢɨɫɟɧɫɨɪɵ
 

––
 

ɤɥɸɱɤɥɸɱ
 

ɤɤ
 ɢɫɫɥɟɞɨɜɚɧɢɸɢɫɫɥɟɞɨɜɚɧɢɸ

 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ
 

ɩɪɨɰɟɫɫɨɜɩɪɨɰɟɫɫɨɜ
ɜɜ

 

ɠɢɜɵɯɠɢɜɵɯ
 

ɫɢɫɬɟɦɚɯɫɢɫɬɟɦɚɯ
 

ɧɚɧɚ
 

ɦɨɥɟɤɭɥɹɪɧɨɦɦɨɥɟɤɭɥɹɪɧɨɦ
 

ɭɪɨɜɧɟɭɪɨɜɧɟ

ɫɟɧɫɨɪɧɵɣ
 

ɛɟɥɨɤ
ɧɚɧɨɦɨɥɟɤɭɥɹɪɧɵɣ

 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ

 

–

 
ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ

 
ɛɟɥɨɤ

ɬɟɫɬɢɪɭɟɦɚɹ
 

ɫɭɛɫɬɚɧɰɢɹ

ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɟ
 

ɢɡɦɟɧɟɧɢɹ
ɮɥɭɨɪɟɫɰɟɧɰɢɹ

ɯɪɨɦɨɮɨɪ 4-5

 

ɧɦ



ɊɟɝɢɫɬɪɚɰɢɹɊɟɝɢɫɬɪɚɰɢɹ
 

ɢɡɦɟɧɟɧɢɣɢɡɦɟɧɟɧɢɣ
 

ɤɨɧɰɟɧɬɪɚɰɢɢɤɨɧɰɟɧɬɪɚɰɢɢ
 ɩɟɪɨɤɫɢɞɚɩɟɪɨɤɫɢɞɚ

 

ɜɨɞɨɪɨɞɚɜɨɞɨɪɨɞɚ
 

ɜɜ
 

ɯɨɞɟɯɨɞɟ
 

ɚɩɨɩɬɨɡɚɚɩɨɩɬɨɡɚ
 

ɪɚɤɨɜɨɣɪɚɤɨɜɨɣ
ɤɥɟɬɤɢɤɥɟɬɤɢ

 

ɥɢɧɢɢɥɢɧɢɢ
 

HeLaHeLa

BelousovBelousov
 

VVVV
 

et al.et al.
 

Nature Methods. 2006 Apr;3(4):281Nature Methods. 2006 Apr;3(4):281--66



ȼɨɡɦɨɠɧɨɟȼɨɡɦɨɠɧɨɟ
 

ɭɱɚɫɬɢɟɭɱɚɫɬɢɟ
 

ɧɚɧɨɱɚɫɬɢɰɧɚɧɨɱɚɫɬɢɰ
 

ɜɜ
ɪɚɡɜɢɬɢɢɪɚɡɜɢɬɢɢ

 
ɩɚɬɨɥɨɝɢɣɩɚɬɨɥɨɝɢɣ

ɇɚɧɨɱɚɫɬɢɰɵ
ɉɪɨɧɢɤɧɨɜɟɧɢɟ

 

ɧɚɧɨɱɚɫɬɢɰ
 

ɜ
 

ɤɥɟɬɤɢ
 

ɪɚɡɥɢɱɧɵɯ
 

ɬɤɚɧɟɣ

ɇɚɤɨɩɥɟɧɢɟ
 

ɧɚɧɨɱɚɫɬɢɰ
 

ɜ
 

ɹɞɪɟ
 

ɢ
 

ɰɢɬɨɩɥɚɡɦɟ
 

ɤɥɟɬɨɤ

ɂɧɢɰɢɚɰɢɹ
 

ɚɦɨɪɮɧɨɣ
 

ɢɥɢ
 

ɩɪɢɨɧɨɩɨɞɨɛɧɨɣ
 

ɚɝɪɟɝɚɰɢɢ
 

ɛɟɥɤɨɜ, 

ɧɚɪɭɲɟɧɢɟ
 

ɡɚɳɢɬɧɵɯ
 

ɫɢɫɬɟɦ
 

ɤɥɟɬɤɢ
 

(ɲɚɩɟɪɨɧɵ, ɭɛɢɤɜɢɬɢɧ)

ɇɚɤɨɩɥɟɧɢɟ
 

ɜ
 

ɤɥɟɬɤɟ
 

ɧɟɪɚɫɬɜɨɪɢɦɵɯ
 

ɚɝɪɟɝɚɬɨɜ
 

ɛɟɥɤɨɜ

ɋɦɟɪɬɶ
 

ɤɥɟɬɨɤ, ɪɚɡɜɢɬɢɟ
 

ɩɚɬɨɥɨɝɢɣ, ɫɜɹɡɚɧɧɵɯ
 

ɫ
 ɧɚɤɨɩɥɟɧɢɟɦ

 

ɚɝɪɟɝɚɬɨɜ
 

ɛɟɥɤɨɜ
 

(ɛɨɥɟɡɧɢ
 

ɉɚɪɤɢɧɫɨɧɚ, 

Ⱥɥɶɰɝɟɣɦɟɪɚ, ɬɪɚɧɫɦɢɫɫɢɜɧɵɟ
 

ɧɟɣɪɨɩɚɬɢɢ
 

ɢ
 

ɞɪ.)



ɆɟɬɨɞɵɆɟɬɨɞɵ
 

ɨɰɟɧɤɢɨɰɟɧɤɢ
 

ɛɢɨɛɟɡɨɩɚɫɧɨɫɬɢɛɢɨɛɟɡɨɩɚɫɧɨɫɬɢ
ɧɚɧɨɱɚɫɬɢɰɧɚɧɨɱɚɫɬɢɰ

 
in vitroin vitro

Ɇɟɬɨɞɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ
ɞɥɹ

 

ɨɰɟɧɤɢ
 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ
ɧɚɧɨɱɚɫɬɢɰ

 

ɫ
 

ɛɟɥɤɚɦɢ:

1.

 

ɉɪɹɦɨɟ

 

ɢ

 
ɞɢɧɚɦɢɱɟɫɤɨɟ

 
ɥɚɡɟɪɧɨɟ

 
ɫɜɟɬɨɪɚɫɫɟɹɧɢɟ

2.

 

Ƚɟɥɶɯɪɨɦɚɬɨɝɪɚɮɢɹ

3.

 

Ɏɥɭɨɪɟɫɰɟɧɬɧɚɹ
ɫɩɟɤɬɪɨɫɤɨɩɢɹ



•
 

ǴȖȘȜȖȓȖȋȐȧ
 

ȒȓȍȚȖȒ

•
 

ǬȍȓȍȕȐȍ
 

ȒȓȍȚȖȒ

•
 

ǬȊȐȎȍȕȐȍ
 

ȒȓȍȚȖȒ

•
 

ȅȒșȗȘȍșșȐȧ
 

șȗȍȞȐȜȐȟȍșȒȐȝ
 ȔȈȘȒȍȘȖȊ

•
 

ǨȗȖȗȚȖȏ

ɈɰɟɧɤɚɈɰɟɧɤɚ
 

ɛɢɨɛɟɡɨɩɚɫɧɨɫɬɢɛɢɨɛɟɡɨɩɚɫɧɨɫɬɢ
 

ɧɚɧɨɱɚɫɬɢɰɧɚɧɨɱɚɫɬɢɰ
 

ɧɚɧɚ
 ɤɭɥɶɬɢɜɢɪɭɟɦɵɯɤɭɥɶɬɢɜɢɪɭɟɦɵɯ

 

ɤɥɟɬɤɚɯɤɥɟɬɤɚɯ
 

ɱɟɥɨɜɟɤɚɱɟɥɨɜɟɤɚ



ȼɫɟɜɨɥɨɞ
 

Ⱥɪɫɟɧɶɟɜɢɱ
 

Ɍɤɚɱɭɤȼɫɟɜɨɥɨɞȼɫɟɜɨɥɨɞ
 

ȺɪɫɟɧɶɟɜɢɱȺɪɫɟɧɶɟɜɢɱ
 

ɌɤɚɱɭɤɌɤɚɱɭɤ

ɇɚɧɨɬɟɯɧɨɥɨɝɢɢ
 

ɜ
 

ɦɟɞɢɰɢɧɟɇɚɧɨɬɟɯɧɨɥɨɝɢɢ
 

ɜ
 

ɦɟɞɢɰɢɧɟ

ǼȈȒțȓȤȚȍȚ
 

ǼțȕȌȈȔȍȕȚȈȓȤȕȖȑ
 

ǴȍȌȐȞȐȕȣ
Ǵǫǻ

 

ȐȔȍȕȐ
 

Ǵ.Ǫ. ǳȖȔȖȕȖșȖȊȈ



ɉɭɛɥɢɤɚɰɢɢɉɭɛɥɢɤɚɰɢɢ
 

ɩɨɩɨ
 

ɬɟɦɟɬɟɦɟ
1.

 

Lukyanov

 

KA, Chudakov

 

DM, Fradkov

 

AF, Labas

 

YA, Matz

 

MV, Lukyanov

 

S.

 
Discovery and properties of GFP-like proteins from nonbioluminescent

 
anthozoa.

 

Methods Biochem

 

Anal.

 

2006; 47:121-38 

2.

 

Bulina

 

ME, Lukyanov

 

KA, Britanova

 

OV, Onichtchouk

 

D, Lukyanov

 

S, Chudakov

 
DM.

 

Chromophore-assisted light inactivation (CALI) using the phototoxic 

fluorescent protein KillerRed.

 

Nature Protocols.

 

2006;1: 947-953

3.

 

Gurskaya

 

NG, Verkhusha

 

VV, Shcheglov

 

AS, Staroverov

 

DB, Chepurnykh

 

TV, 

Fradkov

 

AF, Lukyanov

 

S, Lukyanov

 

KA.

 

Engineering of a monomeric

 

green-to-

 
red photoactivatable

 

fluorescent protein induced by blue light.

 

Nature 

Biotechnology.

 

2006 Apr;24(4):461-5

4.

 

Belousov

 

VV, Fradkov

 

AF, Lukyanov

 

KA, Staroverov

 

DB, Shakhbazov

 

KS, 

Terskikh

 

AV, Lukyanov

 

S.

 

Genetically encoded fluorescent indicator for 

intracellular hydrogen peroxide.

 

Nature Methods. 2006 Apr;3(4):281-6 

5.

 

Bulina

 

ME, Chudakov

 

DM, Britanova

 

OV, Yanushevich

 

YuG, Staroverov

 

DB, 

Chepurnykh

 

TV, Merzlyak

 

EM, Shkrob

 

MA, Lukyanov

 

S, Lukyanov

 

KA.

 

A 

genetically encoded photosensitizer.

 

Nature Biotechnology.

 

2006;

 

24(1):95-9 

6.

 

Chudakov

 

DM, Lukyanov

 

S, Lukyanov

 

KA.

 

Fluorescent proteins as a toolkit for 

in vivo imaging.

 

Trends

 

Biotechnology.

 

2005 Dec;23(12):605-13



ɋɨɡɞɚɧɢɟɋɨɡɞɚɧɢɟ
 

ɧɨɜɵɯɧɨɜɵɯ
 

ɧɚɧɨɛɢɨɫɟɧɫɨɪɨɜɧɚɧɨɛɢɨɫɟɧɫɨɪɨɜ

̇ ɋɨɡɞɚɧɢɟ ɥɢɧɟɣɤɢ ɛɢɨɫɟɧɫɨɪɨɜ ɞɥɹ
ɪɟɝɢɫɬɪɚɰɢɢ ɢɡɦɟɧɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɢ
ɫɢɝɧɚɥɶɧɵɯ ɦɨɥɟɤɭɥ – ɜɬɨɪɢɱɧɵɯ
ɦɟɫɫɟɧɞɠɟɪɨɜ ɜ ɤɥɟɬɤɟ (ɚɤɬɢɜɧɵɟ ɮɨɪɦɵ
ɤɢɫɥɨɪɨɞɚ, NO-ɪɚɞɢɤɚɥ,ɰȺɆɎ,ɰȽɆɎ,ɋɚ2+)

̇ ɋɨɡɞɚɧɢɟ ɥɢɧɟɣɤɢ ɛɢɨɫɟɧɫɨɪɨɜ ɞɥɹ
ɪɟɝɢɫɬɪɚɰɢɢ ɚɤɬɢɜɧɨɫɬɢ ɜɚɠɧɟɣɲɢɯ
ɩɪɨɬɟɢɧɤɢɧɚɡ

̇ Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦ ɫɤɪɢɧɢɧɝɚ
ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ



ɉɟɪɜɵɣɉɟɪɜɵɣ
 

ɧɚɧɨɦɨɥɟɤɭɥɹɪɧɵɣɧɚɧɨɦɨɥɟɤɭɥɹɪɧɵɣ
 

ɛɢɨɫɟɧɫɨɪɛɢɨɫɟɧɫɨɪ
 

ɞɥɹɞɥɹ
ɞɟɬɟɤɰɢɢɞɟɬɟɤɰɢɢ

 

ɩɟɪɨɤɫɢɞɚɩɟɪɨɤɫɢɞɚ
 

ɜɨɞɨɪɨɞɚɜɨɞɨɪɨɞɚ
 

((HyPerHyPer))

̇ Ɋɚɡɪɚɛɨɬɚɧ ɜ ɧɚɲɟɦ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦ
ɤɨɥɥɟɤɬɢɜɟ

̇ Ɋɚɛɨɬɚ ɨɩɭɛɥɢɤɨɜɚɧɚ ɜ ɩɪɟɫɬɢɠɧɨɦ ɧɚɭɱɧɨɦ
ɠɭɪɧɚɥɟ "Nature Methods"

̇ Ɋɚɛɨɬɚ ɭɞɨɫɬɨɟɧɚ ɧɚɝɪɚɞɵ ɡɚ ɢɧɧɨɜɚɰɢɨɧɧɨɫɬɶ ɧɚ
ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ "Society for Free

Radicals Research"



ȺɤɬɭɚɥɶɧɨɫɬɶȺɤɬɭɚɥɶɧɨɫɬɶ
 

ɩɪɨɛɥɟɦɵɩɪɨɛɥɟɦɵ
•

 

Ɇɧɨɝɨɤɥɟɬɨɱɧɵɣ
 

ɨɪɝɚɧɢɡɦ
 

ɫɨɫɬɨɢɬ
 

ɢɡ
 

ɤɥɟɬɨɤ
 

ɫ
 ɪɚɡɧɨɨɛɪɚɡɧɵɦɢ

 

ɮɭɧɤɰɢɹɦɢ, ɤɨɨɪɞɢɧɚɰɢɹ
 

ɤɨɬɨɪɵɯ
 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ

 

ɩɭɬɟɦ
 

ɩɟɪɟɞɚɱɢ
 

ɯɢɦɢɱɟɫɤɢɯ
 ɫɢɝɧɚɥɨɜ.

•
 

Ʉɥɟɬɤɢ
 

ɪɚɫɩɨɡɧɚɸɬ
 

ɜɧɟɲɧɢɟ
 

ɫɢɝɧɚɥɵ
 

ɢ
 

ɩɪɢɜɨɞɹɬ
 

ɜ
 ɞɟɣɫɬɜɢɟ

 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɟ
 

ɩɭɬɢ
 

ɩɟɪɟɞɚɱɢ
 ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɵɟ

 

ɜɟɞɭɬ
 

ɤ
 

ɪɟɝɭɥɹɰɢɢ
 

ɤɥɟɬɨɱɧɵɯ
 ɩɪɨɰɟɫɫɨɜ. 

•
 

ɇɚɪɭɲɟɧɢɹ
 

ɜ
 

ɩɟɪɟɞɚɱɟ
 

ɜɧɭɬɪɢɤɥɟɬɨɱɧɵɯ
 

ɫɢɝɧɚɥɨɜ
 

–

ɩɪɢɱɢɧɚ
 

ɦɧɨɝɢɯ
 

ɩɚɬɨɥɨɝɢɣ, ɜ
 

ɬɨɦ
 

ɱɢɫɥɟ
 ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ, ɧɟɣɪɨɞɟɝɟɪɚɬɢɜɧɵɯ

 

ɢ
 

ɫɟɪɞɟɱɧɨ-
 ɫɨɫɭɞɢɫɬɵɯ

 

ɡɚɛɨɥɟɜɚɧɢɣ. 



ɗɥɟɤɬɪɨɞɟɬɟɤɰɢɹɗɥɟɤɬɪɨɞɟɬɟɤɰɢɹ
 

ȾɇɄȾɇɄ
 

ɫɫ
 

ɩɨɦɨɳɶɸɩɨɦɨɳɶɸ
 

ɡɨɧɞɨɜɡɨɧɞɨɜ
ɧɚɧɚ

 

ɨɫɧɨɜɟɨɫɧɨɜɟ
 

ɧɚɧɨɱɚɫɬɢɰɧɚɧɨɱɚɫɬɢɰ

Park SJ et al. , Science295:1503–506,2002.



ɈɩɪɟɞɟɥɟɧɢɟɈɩɪɟɞɟɥɟɧɢɟ
 

ȾɇɄȾɇɄ
 

ɩɨɩɨ
 

ɚɝɝɪɟɝɚɰɢɢɚɝɝɪɟɝɚɰɢɢ
 ɧɚɧɨɱɚɫɬɢɰɧɚɧɨɱɚɫɬɢɰ

 

ɡɨɥɨɬɚɡɨɥɨɬɚ, , ɤɨɧɶɸɝɢɪɨɜɚɧɧɵɯɤɨɧɶɸɝɢɪɨɜɚɧɧɵɯ
 

ɫɫ
ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢɨɥɢɝɨɧɭɤɥɟɨɬɢɞɚɦɢ

--

 

ǬǵǲǬǵǲ + + ǬǵǲǬǵǲ

Rosi

 

NR

 

,Mirkin

 

CA:

 

Chem

 

Rev105:1547–1562,2005



ȾɟɬɟɤɰɢɹȾɟɬɟɤɰɢɹ
 

ɟɞɢɧɢɱɧɵɯɟɞɢɧɢɱɧɵɯ
 

ɜɢɪɭɫɨɜɜɢɪɭɫɨɜ
ɫɫ

 

ɩɨɦɨɳɶɸɩɨɦɨɳɶɸ
 

ɧɚɧɨɩɪɨɜɨɞɧɢɤɨɜɧɚɧɨɩɪɨɜɨɞɧɢɤɨɜ



ȾɟɬɟɤɰɢɹȾɟɬɟɤɰɢɹ
 

ɛɢɨɦɨɥɟɤɭɥɛɢɨɦɨɥɟɤɭɥ
 

ɫɫ
 

ɩɨɦɨɳɶɸɩɨɦɨɳɶɸ
 

ɧɚɧɨɪɵɱɚɝɨɜɧɚɧɨɪɵɱɚɝɨɜ



ɄɥɚɩɚɧɵɄɥɚɩɚɧɵ
ɄɚɧɚɥɵɄɚɧɚɥɵ

ǬǵǲǬǵǲ--șȖȘȉȍȕȚșȖȘȉȍȕȚ

ǭȌȐȕȐȟȕȈȧ
 

ȒȓȍȚȒȈ

ɋɨɡɞɚɧɢɟɋɨɡɞɚɧɢɟ
 

ɦɢɤɪɨɥɚɛɨɪɚɬɨɪɢɢɦɢɤɪɨɥɚɛɨɪɚɬɨɪɢɢ
 

ɧɚɧɚ
 

ɱɢɩɚɯɱɢɩɚɯ
 

ɞɥɹɞɥɹ
 

ɜɵɞɟɥɟɧɢɹɜɵɞɟɥɟɧɢɹ
 

ȾɇɄȾɇɄ
ɢɡɢɡ

 

ɟɞɢɧɢɱɧɵɯɟɞɢɧɢɱɧɵɯ
 

ɤɥɟɬɨɤɤɥɟɬɨɤ,,

ɞɥɹɞɥɹ
 

ɫɨɪɬɢɪɨɜɤɢɫɨɪɬɢɪɨɜɤɢ
 

ɤɥɟɬɨɤɤɥɟɬɨɤ
 

ɢɢ
 

ɞɪɭɝɢɯɞɪɭɝɢɯ
 

ɡɚɞɚɱɡɚɞɚɱ

Hong JW wt al,
Nat Biotechnol
22:435–439,2004.



Ɉɛɥɚɫɬɶ

 
ɩɨɪɚɠɟɧɢɹ

Ɉɛɥɚɫɬɶ

 
ɩɨɪɚɠɟɧɢɹ

Ʉ ɨ ɧ ɬ ɪ ɨ ɥ ɶȽɢɩɨɤɫɢɱɟɫɤɨɟ
 

ɩɪɟɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ

ɆɊɌ-ɢɡɨɛɪɚɠɟɧɢɟ
 

ɮɨɤɚɥɶɧɨɝɨ
 

ɨɱɚɝɚ
 

ɩɨɪɚɠɟɧɢɹ
 

ɝɨɥɨɜɧɨɝɨ
ɦɨɡɝɚ, ɜɵɡɜɚɧɧɨɝɨ

 

ɨɤɤɥɸɡɢɟɣ
 

ɫɪɟɞɧɟɣ
 

ɦɨɡɝɨɜɨɣ
 

ɚɪɬɟɪɢɢ



ɗɮɮɟɤɬɢɜɧɨɫɬɶɗɮɮɟɤɬɢɜɧɨɫɬɶ
 

ɬɪɚɧɫɮɟɤɰɢɢɬɪɚɧɫɮɟɤɰɢɢ
 

ɱɱCCɄɀɌɄɀɌ
 

ɩɪɢɩɪɢ
 

ɢɫɩɨɥɶɡɨɜɚɧɢɢɢɫɩɨɥɶɡɨɜɚɧɢɢ
 

ɩɥɚɡɦɢɞɧɨɝɨɩɥɚɡɦɢɞɧɨɝɨ,, 

ɚɞɟɧɨɜɢɪɭɫɧɨɝɨɚɞɟɧɨɜɢɪɭɫɧɨɝɨ
 

ɢɢ
 

ɥɟɧɬɢɜɢɪɭɫɧɨɝɨɥɟɧɬɢɜɢɪɭɫɧɨɝɨ
 

ɦɟɬɨɞɨɜɦɟɬɨɞɨɜ
 

ɬɪɚɧɫɮɟɤɰɢɢɬɪɚɧɫɮɟɤɰɢɢ

ɌɪɚɧɫɮɟɤɰɢɹɌɪɚɧɫɮɟɤɰɢɹ
ɥɟɧɬɢɜɢɪɭɫɨɦɥɟɧɬɢɜɢɪɭɫɨɦ

ɌɪɚɧɫɮɟɤɰɢɹɌɪɚɧɫɮɟɤɰɢɹ
ɚɞɟɧɨɜɢɪɭɫɨɦɚɞɟɧɨɜɢɪɭɫɨɦ

M1

98%

Day 1

GFPGFP

 

++

 

ɋɄɀɌɋɄɀɌ
ɌɪɚɧɫɮɟɤɰɢɹɌɪɚɧɫɮɟɤɰɢɹ
ɩɥɚɡɦɢɞɨɣɩɥɚɡɦɢɞɨɣ

ȼɪɟɦɹ, ɞɧɢ
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0



ɱɟɪɟɡɱɟɪɟɡ
 

3 3 ɱɚɫɚɱɚɫɚ
ɩɨɫɥɟɩɨɫɥɟ

 

ɜɜɟɞɟɧɢɹɜɜɟɞɟɧɢɹɜɜ
 

ɤɭɥɶɬɭɪɟɤɭɥɶɬɭɪɟ
 

ɤɥɟɬɨɤɤɥɟɬɨɤ

ɱɟɪɟɡɱɟɪɟɡ
 

3 3 ɞɧɹɞɧɹ
ɩɨɫɥɟɩɨɫɥɟ

 

ɜɜɟɞɟɧɢɹɜɜɟɞɟɧɢɹ
ɱɟɪɟɡɱɟɪɟɡ

 

7 7 ɞɧɟɣɞɧɟɣ
ɩɨɫɥɟɩɨɫɥɟ

 

ɜɜɟɞɟɧɢɹɜɜɟɞɟɧɢɹ

ȾɟɬɟɤɰɢɹȾɟɬɟɤɰɢɹ
 

ɦɟɱɟɧɧɵɯɦɟɱɟɧɧɵɯ
 

CCɄɀɌɄɀɌ
 

ɩɨɫɥɟɩɨɫɥɟ
 

ɜɜɟɞɟɧɢɹɜɜɟɞɟɧɢɹ
ɜɜ

 

ɢɲɟɦɢɡɢɪɨɜɚɧɧɵɟɢɲɟɦɢɡɢɪɨɜɚɧɧɵɟ
 

ɦɵɲɰɵɦɵɲɰɵ







ɉɪɟɢɦɭɳɟɫɬɜɚɉɪɟɢɦɭɳɟɫɬɜɚ
 

ɩɪɟɞɥɚɝɚɟɦɵɯɩɪɟɞɥɚɝɚɟɦɵɯ
 ɧɚɧɨɦɨɥɟɤɭɥɹɪɧɵɯɧɚɧɨɦɨɥɟɤɭɥɹɪɧɵɯ

 

ɛɢɨɫɟɧɫɨɪɨɜɛɢɨɫɟɧɫɨɪɨɜ

̇ Ƚɟɧɟɬɢɱɟɫɤɢ ɤɨɞɢɪɭɸɬɫɹ ɢ ɫɩɨɫɨɛɧɵ ɤ ɫɚɦɨɫɛɨɪɤɟ ɜɧɭɬɪɢ
ɠɢɜɨɣ ɤɥɟɬɤɢ

̇ Ɉɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɢ
ɫɩɟɰɢɮɢɱɧɨɫɬɶɸ ɭɡɧɚɸɳɟɝɨ ɷɥɟɦɟɧɬɚ – ɫɟɧɫɨɪɧɨɝɨ ɛɟɥɤɚ

̇ Ɇɨɝɭɬ ɛɵɬɶ ɧɚɩɪɚɜɥɟɧɵ ɜ ɪɚɡɥɢɱɧɵɟ ɤɨɦɩɚɪɬɦɟɧɬɵ ɠɢɜɨɣ
ɤɥɟɬɤɢ (ɦɢɬɨɯɨɧɞɪɢɢ, ɹɞɪɨ, ɤɨɦɩɥɟɤɫ Ƚɨɥɶɞɠɢ, ɩɥɚɡɦɚɬɢɱɟɫɤɚɹ
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ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ
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Dahan M et al., Science302:442–445,2003
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