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Âïëèâ íèçüêîåíåðãåòè÷íîãî ëàçåðíîãî âèïðîì³íþ-
âàííÿ íà ñòðóêòóðó òà âëàñòèâîñò³ ìîëåêóëè á³ëêà çà
óìîâ íåñïåöèô³÷íîãî ïîãëèíàííÿ åíåðã³¿

Èññëåäîâàëè ýôôåêò äåéñòâèÿ ãåëèåâî-íåîíîâîãî ëàçåðà íà ñûâîðîòî÷íûé àëüáóìèí ÷åëîâåêà
ñ èñïîëüçîâàíèåì ÷óâñòâèòåëüíîãî ê êîíôîðìàöèîííûì èçìåíåíèÿì áåëêà ôëóîðåñöåíòíîãî
çîíäà 4-ìîðôîëèíî-7-îêñè-7-Í-áåíçî-[de]-áåíçî-[4,5]-èìèäàçî-[2,1-à]-èçîõèíîëèí-5-ñóëü-
ôîíîâîé êèñëîòè (ÌÍÁÈÑ). Àíàëèçèðîâàëè ïîêàçàòåëè ñïåêòðîâ ôëóîðåñöåíöèè è êèíå-
òèêà âñòðàèâàíèÿ çîíäà â ìîëåêóëó áåëêà. Îáñóæäàþòñÿ âîçìîæíûå ìåõàíèçìû äåéñòâèÿ
ãåëèåâî-íåîíîâîãî ëàçåðà íà ñòðóêòóðó âîäíî-áåëêîâîãî ðàñòâîðà.

ÂÑÒÓÏ

Ìåäèöèíà ïîòðåáóº íîâèõ íàóêîâèõ ðîç-
ðîáîê, óäîñêîíàëåííÿ ³ñíóþ÷èõ ³ ñòâî-
ðåííÿ íîâèõ íàïðÿìê³â ó ä³àãíîñòèö³. Íèí³
ôëóîðèìåòð³ÿ îðãàí³â, òêàíèí, êë³òèí
òà ¿õ îêðåìèõ êîìïîíåíò³â îö³íþºòüñÿ ÿê
ïåðñïåêòèâíèé ìåòîä ä³àãíîñòèêè [15]. Äî
ïåðåâàã ìåòîäó ôëóîðåñöåíòíîãî àíàë³çó
â³äíîñÿòüñÿ âèñîêà ÷óòëèâ³ñòü, â³äíîñíà
ïðîñòîòà òàøâèäê³ñòü îòðèìàííÿ ðåçóëü-
òàò³â. ²ñíóþòü äâ³ ìîäèô³êàö³¿ ôëóîðèìåòð³¿:
ç âèêîðèñòàííÿì âëàñíî¿ ôëóîðåñöåíö³¿ êîì-
ïîíåíò³â êë³òèí àáî çà äîïîìîãîþ ôëóî-
ðåñöåíòíèõ çîíä³â. Ó ö³é ðîáîò³ ìè çàñòî-
ñóâàëè ìåòîäè ôëóîðåñöåíòíèõ çîíä³â
³ ñèíõðîííîãî ñêàíóâàííÿ äëÿ ðîçä³ëåííÿ
ôëóîðåñöåíö³¿ âëàñíèõ õðîìîôîð³â á³ëêà
ïðè äîñë³äæåíí³ êîíôîðìàö³éíèõ çì³í ìî-
ëåêóëè ñèðîâàòêîâîãî àëüáóì³íó ëþäèíè
(ÑÀË) ï³ä âïëèâîì íèçüêîåíåðãåòè÷íîãî
ëàçåðíîãî âèïðîì³íþâàííÿ (ÍÅËÂ).

Øèðîêå âèêîðèñòàííÿ ÍÅËÂ ó ìåäè-
öèí³, ìåòîäàõ òåðàï³¿ òà ä³àãíîñòèêè çó-
ìîâëþº àêòóàëüí³ñòü âèâ÷åííÿ ìåõàí³çì³â
ïîãëèíàííÿ åíåðã³¿ ëàçåðíîãî âèïðîì³íþ-

âàííÿ á³îëîã³÷íèìè òêàíèíàìè. Íà ðîëü
àêöåïòîð³â åíåðã³¿ çàïðîïîíîâàíî ð³çíî-
ìàí³òí³ á³îëîã³÷í³ ñòðóêòóðè, îáãîâîðþ-
þòüñÿ ìîæëèâîñò³ ³ñíóâàííÿ äåê³ëüêîõ ìå-
õàí³çì³â âçàºìîä³¿ ÍÅËÂ ç àêöåïòîðàìè.
Ç ìåòîþ ç�ÿñóâàííÿ âíåñêó êîæíîãî ç ìîæ-
ëèâèõ ìåõàí³çì³â íåîáõ³äí³ åêñïåðèìåí-
òàëüí³ äîñë³äæåííÿ, â ÿêèõ õî÷à á îäèí ³ç
ìîæëèâèõ ìåõàí³çì³â áóâ âèêëþ÷åíèé.
Ó íàø³é ðîáîò³ äîñë³äæåíî åôåêò âïëèâó
ÍÅËÂ ãåë³é-íåîíîâîãî ëàçåðà íà ÑÀË,
ÿêèé íå ìàº õðîìîôîðíî¿ ãðóïè â îïòè÷-
íîìó ä³àïàçîí³ âèïðîì³íþâàííÿ ëàçåðà.

ÌÅÒÎÄÈÊÀ

Îá�ºêòîì äîñë³äæåííÿ áóëè ðîç÷èíè ÑÀË
(�Reanal�, Óãîðùèíà), ïðèãîòîâëåí³ íà
ïîïåðåäíüî îïðîì³íåí³é ³ íåîïðîì³íåí³é
äèñòèëüîâàí³é âîä³ (ðÍ 5,5). Ó ïåðøîìó
âèïàäêó ìàòî÷íèé ðîç÷èí á³ëêà çì³øó-
âàëè ç îïðîì³íåíîþ âîäîþ ó ñï³ââ³äíî-
øåíí³ 1:1. Îïðîì³íåííÿ çä³éñíþâàëè ãåë³º-
âî-íåîíîâèì ëàçåðîì ç äîâæèíîþ õâèë³
632,8 íì, ïîòóæí³ñòþ âèïðîì³íþâàííÿ
5 ìÂò ïðîòÿãîì 5 õâ. ßê ôëóîðåñöåíòíèé
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çîíä áóëî âèêîðèñòàíî 4-ìîðôîë³íî-7-îê-
ñè-7-Í-áåíçî-[de]-áåíçî-[4,5]-³ì³äàçî-[2,1-
à]-³çîõ³íîë³í 5-ñóëüôîíîâó êèñëîòó (ÌÍÁ²Ñ),
ñòðóêòóðíà ôîðìóëà ÿêî¿ çîáðàæåíà íà
ðèñ. 1.

êîïè÷åííÿ ñïåêòð³â � 2 ñ.
Äëÿ ðîçä³ëåííÿ òèðàçèíîâî¿ òà òðèï-

òîôàíîâî¿ êîìïîíåíò áóëî îòðèìàíî ñèí-
õðîíí³ ñïåêòðè ôëóîðåñöåíö³¿ ç³ ñêàíó-
âàííÿì äîâæèíè õâèë³ çáóäæåííÿ â³ä 260
äî 310 íì ³ äîâæèíè õâèë³ âèïðîì³íþâàí-
íÿ  � â³ä 280 äî 330 íì [1]. Îïòèìàëüíèé
ñèíõðîííèé ñïåêòð ñïîñòåð³ãàâñÿ ïðè çñó-
â³ ìîíîõðîìàòîð³â 20 íì.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ¯Õ ÎÁÃÎÂÎÐÅÍÍß

Ó ë³òåðàòóð³ îïèñàíî [3,5,8,10,11] ìîæëè-
â³ñòü çì³íè âëàñòèâîñòåé âîäè òà ðîç÷è-
íåíèõ ó í³é ñïîëóê ó ðàç³ ïîïåðåäíüî¿ ¿¿
íåñïåöèô³÷íî¿ âçàºìîä³¿ ç åëåêòðîìàãí³ò-
íèì âèïðîì³íþâàííÿì. Ç ìåòîþ äîñë³ä-
æåííÿ çì³í âëàñòèâîñòåé âîäè, ÿêà çàçíàëà
ä³¿ ëàçåðíîãî ïðîìåíÿ, ìè âèçíà÷àëè ê³íå-
òèêó âáóäîâóâàííÿ ÌÍÁ²Ñ ïðè äîäàâàí-
í³ éîãî äî îïðîì³íåíîãî ðîç÷èíó ÑÀË ³ äî
òàêîãî ñàìîãî ðîç÷èíó, ïðèãîòîâëåíîãî
íà îïðîì³íåí³é âîä³. Êîíöåíòðàö³ÿ á³ëêà
ñòàíîâèëà 5.10-6 ìîëü/ë, à êîíöåíòðàö³ÿ
çîíäà � 1,14.10-5 ìîëü/ë.

Ïîêàçíèêè ñïåêòð³â ôëóîðåñöåíö³¿ çì³-
íþþòüñÿ â ïåðø³ 30 õâ ï³ñëÿ ââåäåííÿ çîí-
äà â á³ëêîâèé ðîç÷èí. Íà ðèñ. 3 ïîêàçàíî
çàëåæí³ñòü ³íòåíñèâíîñò³ ñïåêòð³â ôëóî-

Ðèñ. 1. Ñòðóêòóðíà ôîðìóëà ÌÍÁ²Ñ.

Ñèíòåç ÌÍÁ²Ñ áóëî çä³éñíåíî â ÍÒÓ
�ÕÏ²� [16]. Ïîêàçàíî, ùî ÌÍÁ²Ñ äîáðå
çâ�ÿçóºòüñÿ ç àëüáóì³íîì ³ ïîêàçíèêè éîãî
ôëóîðåñöåíö³¿ ÷óòëèâ³ äî êîíôîðìàö³é-
íèõ çì³í á³ëêà [12 � 14,16,17].

Ñïåêòð ôëóîðåñöåíö³¿ ÌÍÁ²Ñ ó á³ë-
êîâîìó ðîç÷èí³ ìàº ñêëàäíó ôîðìó ç ìàê-
ñèìóìîì îñíîâíî¿ ñìóãè áëèçüêî 528 íì
± 2 íì (λ

ìàêñ ôë
) ³  êâàíòîâèì âèõîäîì (ϕ),

ùî ñòàíîâèòü 0,054 (ðèñ. 2). Äëÿ àíàë³çó
ñïåêòð³â ³ ðîçä³ëåííÿ éîãî êîìïîíåíò³â
âèêîðèñòîâóâàëè ïðîãðàìíèé ïàêåò Spec-
tra Data Lab, ðîçðîáëåíèé ó ÍÄ² õ³ì³¿ ÕÍÓ
(àâòîð À.Î.Äîðîøåíêî).

Åì³ñ³þ çîíäà òà á³ëêà ðåºñòðóâàëè íà
ñïåêòðîôëóîðèìåòð³ �Hitachi F-4010� (ßïî-
í³ÿ) ç àâòîìàòè÷íîþ êîðåêö³ºþ ñïåêòð³â.
Áóëî âèêîðèñòàíî äîâæèíó õâèë³ çáóä-
æåííÿ 435 íì. Øèðèíà âõ³äíî¿ ³ âèõ³äíî¿
ù³ëèí ìîíîõðîìàòîðà áóëà 5 íì. Êðîê ñêà-
íóâàííÿ ìîíîõðîìàòîðà � 0,2 íì, ÷àñ íà-

Ðèñ. 2. Ñïåêòðè ôëóîðåñöåíö³¿ çîíäà ÌÍÁ²Ñ ó âîä³ (1),
ó ðîç÷èí³ ñèðîâàòêîâîãî àëüáóì³íó ëþäèíè  òà êîìïî-
íåíòè ñïåêòðà çîíäà â á³ëêó (I, II).
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ðåñöåíö³¿ ÌÍÁ²Ñ â³ä ÷àñó ïðè äîäàíí³
çîíäà äî á³ëêîâîãî ðîç÷èíó. Ï³äâèùåííÿ
³íòåíñèâíîñò³ ñâ³ä÷èòü ïðî íàÿâí³ñòü ê³íå-
òèêè âçàºìîä³¿ çîíäà ç á³ëêîì. Ó òàáëèö³
íàâåäåíî ðåçóëüòàòè àíàë³çó ñïåêòð³â ï³ñ-
ëÿ çàê³í÷åííÿ ïðîöåñó.

×óòëèâ³ñòü ôëóîðåñöåíòíîãî çîíäà ÿê
ìàðêåðà ñòðóêòóðíîãî ñòàíó á³ëêà îö³-
íþâàëè çà óìîâ éîãî íàäëèøêó [2],
êîëè çàïîâíþºòüñÿ ïåðøèé âèñîêîàô³í-
íèé öåíòð ñîðáö³¿.

ßê âèäíî ç òàáëèö³, îïðîì³íåííÿ ðîç-
÷èíó á³ëêà ÍÅËÂ âèêëèêàº çíà÷íó çì³íó
ôîðìè ñïåêòðàëüíî¿ êðèâî¿ çîíäà òà ï³äâè-
ùåííÿ ³íòåíñèâíîñò³ ñìóã âèïðîì³íþâàí-
íÿ. Îñîáëèâî öå ïðîÿâëÿºòüñÿ â ðàç³ äîâ-
ãîõâèëüîâî¿ êîìïîíåíòè ñïåêòðà. Îïðî-
ì³íåííÿ ðîç÷èííèêà (âîäè) ïðèçâîäèòü äî
íåñóòòºâèõ çì³í ïîð³âíÿíî ç³ ñïåêòðàìè
êîíòðîëüíîãî íåîïðîì³íåíîãî çðàçêà.

Äëÿ êîíòðîëüíîãî é îïðîì³íåíîãî ðîç-
÷èí³â áóëî âèçíà÷åíî êîíñòàíòó çâ�ÿçó-
âàííÿ çîíäà Êñ

 ³ ê³ëüê³ñòü ì³ñöü çâ�ÿçó-
âàííÿ N [14]. Äëÿ äîñë³äæåííÿ ïîêàçíèê³â
çâ�ÿçóâàííÿ áóëî âèêîðèñòàíî çíà÷åííÿ
³íòåíñèâíîñò³ îáîõ ñìóã ó ñïåêòðàõ ôëóî-
ðåñöåíö³¿. Â îáîõ âèïàäêàõ ðîçðàõóíêè
ïðèçâåëè äî óçãîäæåíèõ ðåçóëüòàò³â, ùî
äàþòü çíà÷åííÿ êîíñòàíòè çâ�ÿçóâàííÿ çîí-
äà ç á³ëêîì Ê

ñ
 ñòàíîâèòü (1,9±1,5).105 Ì-1,

à ÷èñëî öåíòð³â çâ�ÿçóâàííÿ N � 4-5. Îï-
ðîì³íåííÿ ëàçåðîì ñóòòºâî íå âïëèâàº íà
ê³ëüê³ñòü âèñîêîàô³ííèõ öåíòð³â çâ�ÿçó-
âàííÿ çîíäà ÷è íà êîíñòàíòó çâ�ÿçóâàííÿ
ÌÍÁ²Ñ ç öèìè öåíòðàìè.

Îòðèìàí³ ðåçóëüòàòè äîçâîëÿþòü
 çðîáèòè âèñíîâîê, ùî çì³íè ³íòåíñèâíîñò³
ñìóã ³ ôîðìè ñïåêòðàëüíî¿ êðèâî¿ çîíäà â
ðåçóëüòàò³ ä³¿ ÍÅËÂ íà ðîç÷èí á³ëêà âèç-
íà÷àþòüñÿ çì³íîþ õàðàêòåðó ì³êðîîòî÷åí-
íÿ çîíäà. Ìîæëèâî, çì³íè â ì³êðîîòî÷åíí³
ñòâîðþþòü äîäàòêîâ³ óìîâè äëÿ âçàºìî-
ä³¿ ñóëüôîãðóïè çîíäà ç áëèçüêî ðîçòàøîâà-
íèìè àì³íîêèñëîòíèìè çàëèøêàìè á³ëêà.

×àñòêîâî òàê³ óìîâè ñòâîðþþòüñÿ íå
ò³ëüêè ï³ä ÷àñ îïðîì³íåííÿ á³ëêà, àëå é ïðè
ðîç÷èíåí³ ÑÀË ó ïîïåðåäíüî îïðîì³íåí³é
âîä³, ùî äîñèòü äîáðå óçãîäæóºòüñÿ ç ë³òå-
ðàòóðíèìè äàíèìè [6]. Îäåðæàí³ ðåçóëüòàòè
ñâ³ä÷àòü, ùî ï³ä ä³ºþ ÍÅËÂ â³äáóâàºòüñÿ
çì³íà ñòðóêòóðè âîäíî-á³ëêîâîãî ðîç÷èíó.

Àíàë³ç ñèíõðîííèõ ñïåêòð³â ôëóîðåñ-
öåíö³¿ á³ëêà áåç äîäàâàííÿ çîíäà ïîêàçàâ,
ùî çì³íè âëàñòèâîñòåé ì³êðîîòî÷åííÿ âïëè-
âàþòü ³ íà âèïðîì³íþâàííÿ âëàñíèõ ôëóî-
ðîôîð³â á³ëêà. Öå á³ëüø ÷³òêî ïðîÿâëÿ-
ºòüñÿ ó çì³í³ ñòàíó ³íäîëüíîãî ê³ëüöÿ òðèï-
òîôàíó. Âèùåçãàäàí³ çì³íè ì³êðîîòî÷åííÿ
çàëèøê³â àðîìàòè÷íèõ àì³íîêèñëîò ÑÀË
ìîæóòü áóòè âèêëèêàí³ êîíôîðìàö³éíîþ
ïåðåáóäîâîþ ÑÀË âíàñë³äîê âçàºìîä³¿ ñîëü-
âàòíî¿ îáîëîíêè á³ëêà ç êëàñòåðàìè ó òàê
çâàí³é �â³ëüí³é� âîä³ ðîç÷èíó [7,9,10].

E.À.Romodanova1, Ò.S.Dyubko3, Ò.F.Ìîrozova3,
À.D.Roshal2, V.B.Distanov4, Yu.À.Gurkalenko4

LOW-INTENSIVE LASER IRRADIATION
INFLUENCE ON PROTEIN MOLECULE
STRUCTURE AND PROPERTIES UNDER
NON-SPECIFIC ENERGY ABSORBANCE

The influence of the helium-neon laser emission on HSA was
investigated at present work by means of the fluorescent

Âïëèâ íèçüêîåíåðãåòè÷íîãî ëàçåðíîãî âèïðîì³íþâàííÿ íà ïàðàìåòðè ñïåêòð³â ôëóîðåñöåíö³¿ (â³äï. îä.) ÌÍÁ²Ñ
ó ðîç÷èíàõ ñèðîâàòêîâîãî àëüáóì³íó ëþäèíè (ÑÀË)

Ñõåìà äîñë³äó ²íòåíñèâí³ñòü ôëóîðåñöåíö³¿ êîìïîíåíò ñïåêòðà

I
1

I
2

ÌÍÁ²Ñ ó íàòèâíîìó ðîç÷èí³ ÑÀË 62,8±1,2 176,1±3,6

ÌÍÁ²Ñ, äîáàâëåíèé äî ÑÀË, ðîç÷èíåíîìó
 â îïðîì³íåí³é âîä³ 85,9±1,5 200,1±4,0

ÌÍÁ²Ñ, äîáàâëåíèé äî ðîç÷èíó
îïðîì³íåíîãî ÑÀË 226,2+2,5 326,9±2,8

Ð<0,05.
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probe MNBIS (4-morpholino-7-oxy-7-Í-benzo-[de]-ben-
zo-[4,5]-imidazo-[2,1-à]-izoquinolin-5-sulfonic acid) sen-
sitive to protein conformational changes using. Fluo-
rescence spectra parameters of the probe and kinetics of
probe interaction with protein molecules were analyzed.
Possible mechanisms of the helium-neon laser irradiation on
water-protein solution structure are discussed.

1Laser Biology and Laser Medicine Research Iinstitute at
V.N.Karazin Kharkov National University; 2Chemistry Re-
search Iinstitute at V.N.Karazin Kharkov National Universi-
ty; 3Institute for Problems of Cryobiology and Cryomedicine
of the Ukrainian National Academy of Sciences; 4National
Technical University �KPI�
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