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THE POTENTIAL OF MODIFIED NUCLEOSIDES AND NUCLEOTIDES 
AS NOVEL ANTIBACTERIAL AGENTS: AN IN VITRO STUDY 

OF BACTERIAL GROWTH INHIBITION AND OXIDATIVE STRESS 
INDUCTION

A. G. Sysa, (. I. KYasyuN, A. Shihad, (. R. GritsNeYitch
%elarusian State 8niYersity, IS(I %S8, 0insN, Republic of %elarus

Background. 7KH RYHUXVH RI DQWLELRWLFV LQ KHDOWKFDUH KDV FDXVHG WKH ULVH RI DQWLELRWLF UHVLVWDQFH� 1HZ 
DQWLEDFWHULDO GUXJV DUH XUJHQWO\ QHHGHG WR ¿JKW UHVLVWDQW EDFWHULD� 1XFOHLF DFLG GHULYDWLYHV VKRZ SRWHQWLDO DV 
DQWLPLFURELDO DJHQWV�

Objective. 7KH REMHFWLYH RI WKLV UHVHDUFK LV WR HYDOXDWH WKH DQWLEDFWHULDO FKDUDFWHULVWLFV RI PRGL¿HG QXFOHRVLGHV 
DQG QXFOHRWLGHV LQ DQ in Yitro VHWWLQJ� 

Materials and methods. 5HVHDUFK VWXGLHG PRGL¿HG QXFOHRVLGHV�QXFOHRWLGHV IURP SXULQH�S\ULPLGLQH EDVHV� 
P. mirabilis DQG %. cereus FXOWXUHV ZHUH XVHG� *URZWK UDWH DVVHVVHG YLD UHVD]XULQ PHWDEROLVP LQ ���ZHOO SODWHV� 
'&)+�'$ SUREH PHDVXUHG 526 OHYHOV LQ WUHDWHG FXOWXUHV�

Results. 7KH UHVXOWV GHPRQVWUDWHG WKDW DOO WKH H[DPLQHG FRPSRXQGV H[KLELWHG GRVH�GHSHQGHQW LQKLELWRU\ 
H൵HFWV RQ WKH JURZWK RI VWXGLHG EDFWHULDO FXOWXUHV� 7KH LQFRUSRUDWLRQ RI WKH DQWLR[LGDQW TXHUFHWLQ LQWR WKH UHDJHQW 
PL[WXUH GLG QRW DOWHU WKH H൶FDF\ RI WKH FRPSRXQGV LQ VXSSUHVVLQJ EDFWHULDO FHOO JURZWK� +RZHYHU� WKHUH ZDV 
D XQLYHUVDO HOHYDWLRQ LQ LQWUDFHOOXODU 526 OHYHOV DFURVV DOO EDFWHULDO FXOWXUHV H[SRVHG WR WKH VWXGLHG FRPSRXQGV� 
LQGLFDWLQJ WKDW WKH DQWLEDFWHULDO DFWLYLW\ RI WKHVH FRPSRXQGV PD\ EH UHODWHG WR WKHLU FDSDFLW\ WR LQGXFH R[LGDWLYH 
VWUHVV LQ EDFWHULDO FHOOV�

Conclusions. 7KH VWXG\ GHPRQVWUDWHG WKDW PRGL¿HG QXFOHRVLGHV DQG QXFOHRWLGHV KDYH SURPLVLQJ DQWLEDFWHULDO 
SURSHUWLHV DQG PD\ EH XVHIXO DV QRYHO DQWLEDFWHULDO DJHQWV� 
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Introduction
7KH H[WHQVLYH XWLOL]DWLRQ RI DQWLELRWLFV LQ FOLQLFDO 

VHWWLQJV PDUNV WKH RQVHW RI D QHZ HUD LQ WKH 
SKDUPDFRORJLFDO PDQDJHPHQW RI LQIHFWLRXV DLOPHQWV� 
1RQHWKHOHVV� ZLWKLQ D UHODWLYHO\ VKRUW WLPHIUDPH� WKH 
H൶FDF\ RI DQWL�LQIHFWLYH DJHQWV DJDLQVW SDWKRJHQLF 
PLFURRUJDQLVPV KDV QRWDEO\ GLPLQLVKHG� 7KH PLVXVH 
RI DQWLELRWLFV KDV SUHFLSLWDWHG WKH HPHUJHQFH DQG VZLIW 
GLVVHPLQDWLRQ RI UHVLVWDQFH DPRQJ PLFURRUJDQLVPV >�� 
�@� 3UHVHQWO\� DQ HVFDODWLQJ DUUD\ RI ERWK NQRZQ DQG 
QRYHO EDFWHULDO VWUDLQV DUH DFTXLULQJ UHVLVWDQFH WR 
FRQYHQWLRQDO WKHUDSHXWLF DJHQWV� $V SRVLWHG E\ 
D SUHYDLOLQJ K\SRWKHVLV� VRFLHW\ LV WUDQVLWLRQLQJ 
WRZDUGV D SRVW�DQWLELRWLF HSRFK ZKHUH FRPPRQSODFH 
LOOQHVVHV DQG PLQRU LQMXULHV PD\ SRVH IDWDO ULVNV >�@�

7KH PDMRULW\ RI DQWLELRWLFV LQ XVH WRGD\ ZHUH 
LGHQWL¿HG SULRU WR WKH ����V� UHÀHFWLQJ D OLPLWHG 
H[SORUDWLRQ IRU QRYHO DQWLPLFURELDO DJHQWV DWWULEXWHG 
WR WKH VXEVWDQWLDO ¿QDQFLDO DQG WHPSRUDO FRPPLWPHQWV 
HVVHQWLDO IRU GUXJ FRPPHUFLDOL]DWLRQ� DORQJ ZLWK 
UHVWULFWHG DSSURDFKHV IRU SLQSRLQWLQJ ELRDFWLYH 
FRPSRXQGV >�@� )XUWKHUPRUH� D FRQVLGHUDEOH 

SURSRUWLRQ RI FXUUHQW DQWLELRWLFV H[KLELW QRWDEOH 
F\WRWR[LF H൵HFWV� FRQVWUDLQLQJ WKHLU DSSOLFDELOLW\� 
(YLGHQWO\� WKHUH LV D SUHVVLQJ GHPDQG IRU WKH GLVFRYHU\ 
RI IUHVK DQWLEDFWHULDO PHGLFDWLRQV IHDWXULQJ QRYHO 
PRGHV RI DFWLRQ WR FRPEDW PXOWLGUXJ�UHVLVWDQW EDFWHULDO 
VWUDLQV >�@�

2QH RI WKH XQGHUVWXGLHG FDWHJRULHV RI VXEVWDQFHV 
ZLWK SURPLVLQJ DQWLPLFURELDO SURSHUWLHV FRPSULVHV 
GHULYDWLYHV RI QXFOHLF DFLG FRQVWLWXHQWV� QXFOHRVLGHV� 
QXFOHRWLGHV� DQG WKHLU DOWHUHG DQDORJV� 1XFOHRWLGHV DQG 
QXFOHRVLGHV VHUYH DV WKH IXQGDPHQWDO XQLWV RI '1$ 
DQG 51$� SDUWLFLSDWLQJ LQ SURWHLQ V\QWKHVLV� DFWLQJ DV 
FRIDFWRUV LQ YDULRXV ELRFKHPLFDO SDWKZD\V� DQG 
UHJXODWLQJ WKH IXQFWLRQ RI HQ]\PHV LQYROYHG LQ 
QXFOHRWLGH PHWDEROLVP�

0RGLI\LQJ HLWKHU WKH QXFOHLF EDVH RU WKH VXJDU 
FRPSRQHQW RI WKH QXFOHRVLGH KDV WKH SRWHQWLDO WR 
LPSDFW HQ]\PH UHFRJQLWLRQ LQKLELWLRQ DQG WKH RYHUDOO 
H൶FDF\ RI WKH QXFOHRVLGH LQ FRPEDWLQJ YDULRXV 
SDWKRJHQV� 7KH XWLOL]DWLRQ RI QXFOHLF DFLG GHULYDWLYHV 
DQG DQDORJXHV KDV EHFRPH LQFUHDVLQJO\ SUHYDOHQW LQ 
WKH UHDOPV RI DQWLFDQFHU� DQWLYLUDO� DQG� WR D OHVVHU 
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H[WHQW� DQWLIXQJDO WKHUDSLHV� DV HYLGHQFHG E\ VWXGLHV 
FRQGXFWHG E\ $� (� -� <VVHO HW DO� >�@ DQG (� 'H &OHUFT 
HW DO� >�@� 1RWDEO\� WKH UHDOP RI DQWLEDFWHULDO DFWLYLW\ 
KDV UHFHQWO\ EHHQ XQYHLOHG LQ QDWXUDO QXFOHRVLGHV� DV 
KLJKOLJKWHG LQ WKH UHVHDUFK E\ =� &XL >�@ DQG 0� $EEDV 
HW DO� >�@� DORQJ ZLWK WKHLU DUWL¿FLDOO\ V\QWKHVL]HG 
FRXQWHUSDUWV VWXGLHG E\ *� 6H\GORYD HW DO� >��@ DQG 0� 
5� %RFNPDQ HW DO� >��@� 7KLV HPHUJLQJ ¿HOG LV FXUUHQWO\ 
H[SHULHQFLQJ UDSLG JURZWK DQG VLJQLILFDQW 
DGYDQFHPHQWV� DV LQGLFDWHG E\ WKH ZRUNV RI 0� 6HUSL 
HW DO� >��@ DQG 6� '� 1HJU\D HW DO� >��@�

7KH H[SORUDWLRQ RI QRYHO FRPSRXQGV H[KLELWLQJ 
SRWHQWLDO DQWLEDFWHULDO SURSHUWLHV ZLWKLQ WKH UHDOP RI 
PRGL¿HG QXFOHRVLGHV DQG QXFOHRWLGHV� DORQJVLGH WKH 
LQYHVWLJDWLRQ LQWR WKH PROHFXODU PHFKDQLVPV 
XQGHUO\LQJ WKHLU H൶FDF\� KROGV VLJQL¿FDQW IXQGDPHQWDO 
DQG SUDFWLFDO UHOHYDQFH�

7KH REMHFWLYH RI WKLV UHVHDUFK ZDV WR HYDOXDWH WKH 
DQWLEDFWHULDO FKDUDFWHULVWLFV RI YDULRXV DOWHUHG 
QXFOHRVLGHV DQG QXFOHRWLGHV LQ DQ in Yitro VHWWLQJ� 
$GGLWLRQDOO\� WKH VWXG\ DLPHG WR H[DPLQH WKHLU 
LQWHUDFWLRQV ZLWK DQWLR[LGDQWV WR DVFHUWDLQ WKH SRWHQWLDO 
IRU WKHLU DSSOLFDWLRQ DV GUXJ VXEVWUDWHV�

Material and Methods
7KH UHVHDUFK IRFXVHG RQ WKH PRGL¿HG QXFOHRVLGHV 

DQG QXFOHRWLGHV GHULYHG IURP SXULQH DQG S\ULPLGLQH 
EDVHV� $OO FRPSRXQGV ZHUH V\QWKHWL]HG DV GHVFULEHG 
LQ >��� ��@� 3XULQH QXFOHRVLGH DQDORJV LQFOXGHG 
KDORJHQDWHG FRPSRXQGV DW WKH QLWURJHQRXV EDVH� VXFK 
DV ��ÀXRUR�DUDELQRIXUDQRV\ODGHQLQH �ÀXGDUDELQH� DQG 
��DPLQR���FKORUR�DUDELQRIXUDQRV\OSXULQH ���1+2���
&O�DUD�3XU�� 3\ULPLGLQH QXFOHRVLGHV HQFRPSDVVHG 

VXJDU�PRGL¿HG DUDELQRIXUDQRV\OF\WRVLQH �F\WDUDELQH� 
DUD�&�� IHDWXULQJ DUDELQRVH LQ OLHX RI ULERVH� DQG 
>����¶��¶��¶�WUL�2�DFHW\O�ȕ�'�ULERIXUDQRV\O�����������
WULD]RO���\O�@XUDFLO �778�� GLVWLQJXLVKHG E\ 
PRGL¿FDWLRQV LQ ERWK WKH FDUERK\GUDWH IUDJPHQW �WKUHH 
DFHWDWH JURXSV� DQG WKH QLWURJHQRXV EDVH �WULD]ROH DW 
WKH �WK SRVLWLRQ� �)LJXUH ���

*UDP�QHJDWLYH �P. mirabilis� (. coli� DQG JUDP�
SRVLWLYH �%. cereus� EDFWHULDO FXOWXUHV ZHUH LQFXEDWHG 
DW ���& IRU �� KRXUV� &HOOV ZHUH FHQWULIXJHG� 
UHVXVSHQGHG LQ S+ ��� EX൵HU� DQG 2'��� ZDV PHDVXUHG� 
7KH LQLWLDO FRQFHQWUDWLRQ RI ��� FHOOV�PO ZDV GLOXWHG WR 
��� FHOOV�PO IRU WHVWLQJ FRPSRXQG DFWLYLW\� 

%DFWHULDO FXOWXUHV¶ YLDELOLW\ ZDV DVVHVVHG XVLQJ 
UHVD]XULQ PHWDEROLVP LQ ���ZHOO SODWHV IROORZLQJ 
7UDYQLNRYD HW DO�¶V PHWKRG >��@� $ �� ȝ/ FHOO VXVSHQVLRQ 
ZLWK PRGL¿HG QXFOHRVLGHV�QXFOHRWLGHV ZDV LQFXEDWHG 
IRU �� K� WKHQ PL[HG ZLWK ��� ȝ/ RI �� ȝPRO�/ UHVD]XULQ 
LQ S+ ��� SKRVSKDWH EX൵HU� $IWHU �� PLQ� ÀXRUHVFHQFH 
LQWHQVLW\ RI UHVRUX¿Q �ȜH[   ��� нм� ȜHP   ��� нм� ZDV 
PHDVXUHG� (DFK FRQFHQWUDWLRQ ZDV WHVWHG LQ VL[ UHSOLFDWHV� 
DQG LQKLELWRU\ H൵HFW ZDV FDOFXODWHG DV WKH UDWLR RI 
ÀXRUHVFHQFH LQWHQVLW\ LQ WHVW ZHOOV WR FRQWURO ZHOOV 
ZLWKRXW FRPSRXQGV�

$ ÀXRUHVFHQW SUREH '&)+�'$ ZDV XVHG WR 
PHDVXUH LQWUDFHOOXODU 526 OHYHOV LQ EDFWHULDO FXOWXUHV 
WUHDWHG ZLWK WHVW FRPSRXQGV� 7KH FXOWXUHV ZHUH 
LQFXEDWHG ZLWK '&)+�'$ DW � �P FRQFHQWUDWLRQ LQ 
VDOLQH IRU �� KRXUV DW �� �&� 526 OHYHOV ZHUH 
GHWHUPLQHG ÀXRURPHWULFDOO\ DW H[FLWDWLRQ ��� QP DQG 
HPLVVLRQ ��� QP� 1HJDWLYH FRQWURO LQFOXGHG FXOWXUHV 
ZLWKRXW WHVW FRPSRXQGV� 7KH H[SHULPHQW ZDV 
FRQGXFWHG LQ WULSOLFDWH >��@�

)LJXUH � ± 7KH VWUXFWXUH RI WKH PRGL¿HG QXFOHRVLGHV DQG QXFOHRWLGHV XVHG LQ WKH ZRUN

Ɋиɫунок � ± ɋɬрукɬурнɵе ɮормулɵ иɫɫлеɞоɜаннɵх моɞиɮиɰироɜаннɵх нуклеоɡиɞоɜ и нуклеоɬиɞоɜ
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Results and Discussion
$OO H[DPLQHG PRGL¿HG QXFOHRVLGHV DQG QXFOHRWLGHV 

GHPRQVWUDWHG GRVH�GHSHQGHQW LQKLELWRU\ H൵HFWV RQ 
EDFWHULDO FXOWXUHV GXULQJ WKH H[SRQHQWLDO JURZWK SKDVH�

7KH LPSDFW RI YDU\LQJ FRQFHQWUDWLRQV RI PRGL¿HG 
SXULQH QXFOHRVLGHV DQG D QXFOHRWLGH LQ WKH DEVHQFH RI 
DQ DQWLR[LGDQW �$� %� FRPSDUHG WR ZKHQ HTXLPRODU 
DPRXQWV RI DQ DQWLR[LGDQW DUH LQFOXGHG �&� '� RQ WKH 
SUROLIHUDWLRQ DQG DQWLR[LGDWLYH FRQGLWLRQ RI %. cereus
EDFWHULDO FHOOV LV VWXGLHG�

%DVHG RQ WKH GDWD LOOXVWUDWHG LQ )LJXUH �$� ZLWKLQ 
WKH VSHFL¿HG FRQFHQWUDWLRQ UDQJH ���±�±��±� 0�� DOO 
H[DPLQHG FRPSRXQGV OHG WR D GHFOLQH LQ %. cereus
JURZWK� 7KH SDWWHUQV RI FKDQJHV LQ FHOO JURZWK VXJJHVW 
WKDW WKH SRWHQF\ RI WKH LQKLELWRU\ LPSDFW RQ %. cereus
JURZWK� DV LQGLFDWHG E\ WKH ,&�� YDOXHV� GLPLQLVKHG LQ 
WKH ÀXGDUDELQH VHULHV ����� ⋅ ��±� Ɇ� ! ÀXGDUDELQH 
PRQRSKRVSKDWH ����� ⋅ ���� Ɇ� § ��1+2���&O�DUD�3XU 
����� ⋅ ��±� Ɇ��

1H[W� WKH LPSDFW RI YDU\LQJ FRQFHQWUDWLRQV RI 
PRGL¿HG SXULQH QXFOHRVLGHV DQG D QXFOHRWLGH LQ WKH 
DEVHQFH RI DQ DQWLR[LGDQW �$� %� FRPSDUHG WR ZKHQ 
HTXLPRODU DPRXQWV RI DQ DQWLR[LGDQW DUH LQFOXGHG 

�&� '� RQ WKH SUROLIHUDWLRQ DQG DQWLR[LGDWLYH FRQGLWLRQ 
RI P. mirabilis EDFWHULDO FHOOV LV VWXGLHG�

:KHQ WKH P. mirabilis FHOO FXOWXUH LV VXEMHFWHG WR 
WKH WHVWHG VXEVWDQFHV DW WKH VDPH FRQFHQWUDWLRQV� WKH 
HIIHFWLYHQHVV RI WKH FRPSRXQGV LQ LQKLELWLQJ 
GLPLQLVKHG LQ WKH RUGHU RI ��1+2���&O�DUD�3XU 
����� ⋅ ��±� 0� ! ÀXGDUDELQH ����� ⋅ ��±� 0� § 
ÀXGDUDELQH PRQRSKRVSKDWH ����� ⋅ ��±� 0� DV 
LOOXVWUDWHG LQ ¿JXUH �$�

8SRQ H[DPLQDWLRQ RI WKH VXSSUHVVLYH H൵HFWV RI 
VXEVWDQFHV DW D FRQFHQWUDWLRQ RI DSSUR[LPDWHO\ ��±� 0� 
D GHFUHDVH LQ JURZWK RI %. cereus FHOO FXOWXUH E\ 
�±��� DQG 3� PLUDELOLV FHOO FXOWXUH E\ ��±�� � ZDV 
REVHUYHG� 7KLV VXJJHVWV D KHLJKWHQHG VXVFHSWLELOLW\ RI 
3� PLUDELOLV FHOOV WR PLQLPDO OHYHOV RI WKH VXEVWDQFHV 
WHVWHG�

,W LV ZHOO�HVWDEOLVKHG WKDW LQ FHUWDLQ LQVWDQFHV� WKH 
GHPLVH RI EDFWHULDO FHOOV HQVXHV IURP DQ HOHYDWLRQ LQ 
UHDFWLYH R[\JHQ VSHFLHV OHYHOV LQGXFHG E\ DQWLEDFWHULDO 
DJHQWV� 7KH KHLJKWHQHG SUHVHQFH RI UHDFWLYH R[\JHQ 
VSHFLHV FDQ UHVXOW LQ LPSDLUPHQW WR LURQ�VXOIXU FOXVWHUV� 
OHDGLQJ WR WKH OLEHUDWLRQ RI )H�� LRQV� ZKLFK VXEVHTXHQWO\ 
HQJDJH ZLWK K\GURJHQ SHUR[LGH LQ WKH )HQWRQ¶V 

)LJXUH � ± (൵HFWV RI GL൵HUHQW FRQFHQWUDWLRQV RI PRGL¿HG SXULQH QXFOHRVLGHV DQG D QXFOHRWLGH RQ EDFWHULDO FHOOV 
%. cereus JURZWK DQG DQWLR[LGDQW VWDWXV ZLWK DQG ZLWKRXW HTXLPRODU TXHUFHWLQ

Ɋиɫунок � ± ȼлияние раɡлиɱнɵх конɰенɬраɰиɣ моɞиɮиɰироɜаннɵх ɩуриноɜɵх нуклеоɡиɞоɜ и нуклеоɬиɞа на 
роɫɬ и анɬиокɫиɞанɬнɵɣ ɫɬаɬуɫ бакɬериалɶнɵх клеɬок %. cereus ɫ ɷкɜимолярнɵми анɬиокɫиɞанɬами и беɡ них
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UHDFWLRQ� &RQVHTXHQWO\� D FDVFDGH SURFHVV LV LQLWLDWHG� 
JHQHUDWLQJ K\GUR[\O UDGLFDOV WKDW KDYH WKH SRWHQWLDO WR 
GLUHFWO\ KDUP LQWUDFHOOXODU '1$� OLSLGV� DQG SURWHLQV� 
7R LQYHVWLJDWH WKH SODXVLELOLW\ RI WKH DIRUHPHQWLRQHG 
DQWLEDFWHULDO DFWLRQ PHFKDQLVP� EDFWHULDO FXOWXUHV ZHUH 
JURZQ LQ WKH SUHVHQFH RI WKH VSHFL¿HG FRPSRXQGV DW 
HTXLYDOHQW FRQFHQWUDWLRQV� ZLWK '&)+�'$ XWLOL]HG DV 
D QRQ�VSHFL¿F LQGLFDWRU WR TXDQWLI\ UHDFWLYH R[\JHQ 
VSHFLHV OHYHOV� 7KH ¿QGLQJV GHPRQVWUDWHG D VXEVWDQWLDO 
LQFUHDVH LQ UHDFWLYH R[\JHQ VSHFLHV OHYHOV DFURVV DOO 
EDFWHULDO FXOWXUHV ZKHQ FXOWLYDWHG ZLWK WKH FRPSRXQGV 
XQGHU VWXG\ �6HH )LJXUHV �%� �%��

$ QXPEHU RI FRQFOXVLRQV FDQ EH GUDZQ IURP WKH 
GDWD SUHVHQWHG LQ )LJXUHV �% DQG �%� )LUVW� ÀXGDUDELQH 
SURYHG WR EH WKH PRVW H൵HFWLYH FRPSRXQG LQ LQFUHDVLQJ 
WKH OHYHO RI UHDFWLYH R[\JHQ VSHFLHV ZKHQ LW DFWHG RQ 
ERWK EDFWHULDO FHOO FXOWXUHV� 6HFRQGO\� ÀXGDUDELQH 
GHPRQVWUDWHG D PRUH SURQRXQFHG HOHYDWLRQ LQ UHDFWLYH 
R[\JHQ VSHFLHV OHYHOV DFURVV DOO FRQFHQWUDWLRQV ZKHQ 
WDUJHWLQJ *UDP�SRVLWLYH %. cereus FHOOV� 0RUHRYHU� 
D QRWDEOH H[SRQHQWLDO VXUJH LQ UHDFWLYH R[\JHQ VSHFLHV 
OHYHOV ZDV REVHUYHG IRU ERWK EDFWHULDO FXOWXUHV XSRQ 
UHDFKLQJ FRQFHQWUDWLRQV RI ��� ȝ0 IRU DOO FRPSRXQGV 

LQYHVWLJDWHG� DOLJQLQJ ZLWK WKH ,&�� YDOXHV GHULYHG 
IURP JURZWK LQKLELWLRQ GDWD� 1RWDEO\� ÀXGDUDELQH 
SKRVSKDWH H[KLELWHG WKH ORZHVW H൶FDF\ LQ LQGXFLQJ 
UHDFWLYH R[\JHQ VSHFLHV OHYHOV LQ %. cereus FXOWXUHV� 
ZKLOH ��DPLQR���FKORUR�DUDELQRIXUDQRV\OSXULQH ZDV 
WKH PRVW H൵HFWLYH LQ P. mirabilis FXOWXUHV DPRQJ WKH 
FRPSRXQGV H[DPLQHG�

7KH LQFRUSRUDWLRQ RI WKH DQWLR[LGDQW TXHUFHWLQ LQWR 
WKH UHDJHQW PL[WXUH GLG QRW DOWHU WKH H൶FDF\ RI WKH 
FRPSRXQGV LQ VXSSUHVVLQJ EDFWHULDO FHOO JURZWK 
�)LJXUHV �ɋ DQG �ɋ�� &RQFXUUHQWO\� WKHUH ZDV 
D XQLYHUVDO HOHYDWLRQ LQ UHDFWLYH R[\JHQ VSHFLHV OHYHOV 
DFURVV DOO EDFWHULDO FXOWXUHV H[SRVHG WR WKH VWXGLHG 
FRPSRXQGV� KRZHYHU� JURZWK G\QDPLFV ZHUH 
FRPSDUDWLYHO\ VXEGXHG LQ WKH SUHVHQFH RI WKH 
DQWLR[LGDQW �)LJXUHV �' DQG �'�� 1RWDEO\� WKH PRVW 
SRWHQW FRPELQDWLRQ� ÀXGDUDELQH ZLWK TXHUFHWLQ� OHG WR 
D PRGHVW ¿YH�IROG ULVH LQ LQWUDFHOOXODU UHDFWLYH R[\JHQ 
VSHFLHV OHYHOV �D WKUHH�IROG UHGXFWLRQ FRPSDUHG WR WKH 
DQWLR[LGDQW�IUHH H[SHULPHQW�� ZKLOH WKH OHDVW H൵HFWLYH 
FRPELQDWLRQ� IOXGDUDELQH PRQRSKRVSKDWH ZLWK 
TXHUFHWLQ� H[KLELWHG PLQLPDO LPSDFW RQ UHDFWLYH 
R[\JHQ VSHFLHV OHYHOV�

)LJXUH � ± (൵HFWV RI GL൵HUHQW FRQFHQWUDWLRQV RI PRGL¿HG SXULQH QXFOHRVLGHV DQG D QXFOHRWLGH RQ EDFWHULDO FHOOV P. 
mirabilis JURZWK DQG DQWLR[LGDQW VWDWXV ZLWK DQG ZLWKRXW HTXLPRODU TXHUFHWLQ

Ɋиɫунок � ± ȼлияние раɡлиɱнɵх конɰенɬраɰиɣ моɞиɮиɰироɜаннɵх ɩуриноɜɵх нуклеоɡиɞоɜ и нуклеоɬиɞа на 
роɫɬ и анɬиокɫиɞанɬнɵɣ ɫɬаɬуɫ бакɬериалɶнɵх клеɬок P. mirabilis ɫ ɷкɜимолярнɵми анɬиокɫиɞанɬами и беɡ них



���Экспериментальные и клинические исследования / Experimental and Clinical Research

1H[W� WKH LPSDFW RI YDU\LQJ FRQFHQWUDWLRQV RI 
PRGL¿HG S\ULPLGLQH QXFOHRVLGHV DQG QXFOHRWLGHV LQ 
WKH DEVHQFH RI DQ DQWLR[LGDQW �$� %� FRPSDUHG WR 
ZKHQ HTXLPRODU DPRXQWV RI DQ DQWLR[LGDQW DUH 
LQFOXGHG �&� '� RQ WKH SUROLIHUDWLRQ DQG DQWLR[LGDWLYH 
FRQGLWLRQ RI %. cereus EDFWHULDO FHOOV ZDV VWXGLHG�

7KH WUHQGV REVHUYHG LQ FHOO JURZWK DOWHUDWLRQV 
VXJJHVW D GLPLQLVKLQJ H൶FDF\ LQ WKH LQKLELWRU\ LPSDFW 
RI S\ULPLGLQH GHULYDWLYHV RQ %. cereus FHOO JURZWK LQ 
WKH IROORZLQJ RUGHU� DUD�&03 �,&�� ���� ⋅ ��±� 0� ! 
778 �,&��   ���� ⋅ ��±� 0� ! F\FOR�&03 �,&��   
���� ⋅ ��±� 0� ! DUD�& �,&��   ���� ⋅ ��±� 0�� 
&RQFXUUHQWO\� WKH FDSDFLW\ RI WKHVH FRPSRXQGV WR 
LQGXFH UHDFWLYH R[\JHQ VSHFLHV SURGXFWLRQ ZDV 
HVFDODWHG DFFRUGLQJO\ �)LJXUHV �$ DQG �%��

7KH IROORZLQJ LQYHVWLJDWLRQ H[DPLQHV WKH LQÀXHQFH 
RI GL൵HUHQW OHYHOV RI PRGL¿HG S\ULPLGLQH QXFOHRVLGHV 
DQG QXFOHRWLGHV RQ WKH JURZWK DQG DQWLR[LGDQW VWDWXV 
RI 3� PLUDELOLV EDFWHULD LQ WZR VFHQDULRV� ZLWKRXW DQ 
DQWLR[LGDQW �$� %� DQG ZLWK HTXLPRODU TXDQWLWLHV RI DQ 
DQWLR[LGDQW �&� '��

8QGHU WKH LQÀXHQFH RI S\ULPLGLQH VHULHV FRPSRXQGV 
DW HTXLYDOHQW FRQFHQWUDWLRQV RQ P. mirabilis FHOOV� WKH 

LQKLELWRU\ H൶FDF\ RI WKH FRPSRXQGV VKRZHG 
D GHFUHDVLQJ WUHQG ZLWKLQ WKH VHULHV 778 �,&��   
���� ⋅ ��±� 0� ! F\FOR�&03 �,&��   ���� ⋅ ��±� 0� ! 
DUD�& �,&��   ���� ⋅ ��±� 0� ! DUD�&03 �,&��   
���� ⋅ ��±� 0�� )XUWKHUPRUH� WKH SDWWHUQ RI FKDQJHV LQ 
FHOO YLDELOLW\ LQ WKH SUHVHQFH RI DUD�&03 GHYLDWHG 
IURP WKH GRVH�UHVSRQVH PRGHOV HVWDEOLVKHG IRU WKH 
RWKHU FRPSRXQGV �)LJXUH �$��

7KH PLQLPDO ULVH LQ UHDFWLYH R[\JHQ VSHFLHV 
RFFXUUHG LQ WKH SUHVHQFH RI DUD�&03 ���IROG�� 
FRQWUDVWLQJ ZLWK DUD�& DQG DUD�&03 ZKLFK OHG WR D ���
IROG DQG F\FOR�&03 DQ ��IROG HOHYDWLRQ LQ UHDFWLYH 
R[\JHQ VSHFLHV OHYHOV� DV GHSLFWHG LQ )LJXUH �%�

4XHUFHWLQ GLG QRW LPSDFW WKH DQWLEDFWHULDO DFWLYLW\ 
RI PRGL¿HG QXFOHRVLGHV DQG S\ULPLGLQH QXFOHRWLGHV 
�)LJXUHV �& DQG �&�� KRZHYHU� LW DWWHQXDWHG WKHLU 
FDSDFLW\ IRU XSUHJXODWLRQ �)LJXUHV �'±�'�� 7KH PRVW 
SRWHQW FRPSRXQG LQ LQKLELWLQJ WKH JURZWK RI %. cereus
FHOOV� DUD�&03� ZKHQ FRPELQHG ZLWK TXHUFHWLQ� OHG WR 
D VHYHQ�IROG LQFUHDVH LQ LQWUDFHOOXODU UHDFWLYH R[\JHQ 
VSHFLHV OHYHOV �D ����IROG GHFUHDVH FRPSDUHG WR WKH 
H[SHULPHQW FRQGXFWHG ZLWKRXW WKH DQWLR[LGDQW�� 
1RWDEO\� F\FOR�&03 H[KLELWHG UHODWLYHO\ ORZHU OHYHOV 

)LJXUH � ± (൵HFWV RI GL൵HUHQW FRQFHQWUDWLRQV RI PRGL¿HG S\ULPLGLQH QXFOHRVLGHV DQG QXFOHRWLGHV RQ EDFWHULDO FHOOV %. 
cereus JURZWK DQG DQWLR[LGDQW VWDWXV ZLWK DQG ZLWKRXW HTXLPRODU TXHUFHWLQ

Ɋиɫунок � ± ȼлияние раɡлиɱнɵх конɰенɬраɰиɣ моɞиɮиɰироɜаннɵх ɩиримиɞиноɜɵх нуклеоɡиɞоɜ и нуклеоɬиɞоɜ 
на роɫɬ и анɬиокɫиɞанɬнɵɣ ɫɬаɬуɫ бакɬериалɶнɵх клеɬок %. cereus ɫ ɷкɜимолярнɵми анɬиокɫиɞанɬами и беɡ них
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RI UHDFWLYH R[\JHQ VSHFLHV� D IRXU�IROG LQFUHDVH XQGHU 
FXOWLYDWLRQ FRQGLWLRQV ZLWKRXW TXHUFHWLQ DQG D WKUHH�
IROG LQFUHDVH LQ WKH SUHVHQFH RI WKH DQWLR[LGDQW �)LJXUHV 
�% DQG �'��

,Q WKH *UDP�QHJDWLYH P. mirabilis FXOWXUH� WKH 
FRPSRXQG DUD�&03 H[KLELWHG WKH OHDVW LPSDFW RQ WKH 
UHODWLYH OHYHOV RI UHDFWLYH R[\JHQ VSHFLHV ZLWKLQ WKH 
FHOOV� $ IRXU�IROG LQFUHDVH ZDV REVHUYHG ZLWKRXW WKH 
DGGLWLRQ RI DQ DQWLR[LGDQW� DQG D WZR�IROG LQFUHDVH ZDV 
QRWHG LQ LWV SUHVHQFH� DOLJQLQJ ZLWK WKH DQWLEDFWHULDO 
DFWLYLW\ GDWD� $FURVV WKH VWXGLHG FRPSRXQGV DW 
FRQFHQWUDWLRQV RI ���� 0 DQG DERYH� VLPLODU H൶FDF\ 
ZDV REVHUYHG FRQFHUQLQJ R[LGDWLYH VWUHVV OHYHOV� ZLWK 
D ULVH LQ UHDFWLYH R[\JHQ VSHFLHV OHYHOV E\ �±�� WLPHV� 
1RWDEO\� D KLJKHU VHQVLWLYLW\ WR WKH DQWLR[LGDQW 
TXHUFHWLQ ZDV REVHUYHG GXULQJ WKH FXOWLYDWLRQ RI 3� 
PLUDELOLV ZLWK DUD�& DW ORZHU FRQFHQWUDWLRQV �EHORZ 
���� 0�� UHVXOWLQJ LQ RQO\ D ����IROG LQFUHDVH LQ UHDFWLYH 
R[\JHQ VSHFLHV OHYHOV� ZKLFK LV ¿YH WLPHV ORZHU 
FRPSDUHG WR D V\VWHP ZLWKRXW TXHUFHWLQ�

7KH RXWFRPHV GHULYHG IURP RXU LQYHVWLJDWLRQ 
LQGLFDWH WKDW HDFK RI WKH VXEVWDQFHV GHPRQVWUDWHV 
HQFRXUDJLQJ DQWLEDFWHULDO H൶FDF\� D TXDOLW\ WKDW FDQ 

EH OLQNHG WR WKHLU FDSDFLW\ WR WULJJHU WKH JHQHUDWLRQ RI 
UHDFWLYH R[\JHQ VSHFLHV ZLWKLQ EDFWHULDO FHOOXODU 
VWUXFWXUHV�

7KH PHFKDQLVPV RI DFWLRQ RI WKHVH FRPSRXQGV� 
DOWKRXJK UHTXLULQJ IXUWKHU LQYHVWLJDWLRQ� DUH WKRXJKW 
WR LQYROYH LQWHUIHUHQFH ZLWK '1$ V\QWKHVLV� GLVUXSWLRQ 
RI HOHFWURQ WUDQVSRUW FKDLQV� DQG LQGXFWLRQ RI '1$ 
GDPDJH UHVSRQVHV� XOWLPDWHO\ OHDGLQJ WR WKH JHQHUDWLRQ 
RI 526 DQG GDPDJH WR LQWUDFHOOXODU FRPSRQHQWV� 
,QGHHG� WKH JHQHUDWLRQ RI UHDFWLYH R[\JHQ VSHFLHV LV 
D VLJQL¿FDQW IDFWRU LQ WKH F\WRWR[LF H൵HFWV RI WKHVH 
FRPSRXQGV� 526� ZKLFK LQFOXGH VSHFLHV VXFK DV 
VXSHUR[LGH UDGLFDOV� K\GURJHQ SHUR[LGH DQG K\GUR[\O 
UDGLFDOV� DUH KLJKO\ UHDFWLYH PROHFXOHV WKDW FDQ FDXVH 
GDPDJH WR YDULRXV FHOOXODU FRPSRQHQWV� LQFOXGLQJ 
SURWHLQV� OLSLGV� DQG '1$� 7KLV GDPDJH FDQ XOWLPDWHO\ 
OHDG WR FHOO GHDWK�

7KH REVHUYDWLRQ WKDW TXHUFHWLQ UHGXFHG OHYHOV RI 
UHDFWLYH R[\JHQ VSHFLHV LQ EDFWHULDO FHOOV H[SRVHG WR 
WKH DOWHUHG QXFOHRVLGHV DQG QXFOHRWLGHV LV D QRWHZRUWK\ 
GLVFRYHU\ WKDW PD\ EH OLQNHG WR LWV DQWLR[LGDWLYH 
FKDUDFWHULVWLFV� 4XHUFHWLQ¶V FDSDFLW\ WR HOLPLQDWH 
KDUPIXO IUHH UDGLFDOV� LPSHGH 526 JHQHUDWLRQ� DQG 

)LJXUH � ± (൵HFWV RI GL൵HUHQW FRQFHQWUDWLRQV RI PRGL¿HG S\ULPLGLQH QXFOHRVLGHV DQG QXFOHRWLGHV RQ EDFWHULDO FHOOV 
P. mirabilis JURZWK DQG DQWLR[LGDQW VWDWXV ZLWK DQG ZLWKRXW HTXLPRODU TXHUFHWLQ

Ɋиɫунок � ± ȼлияние раɡлиɱнɵх конɰенɬраɰиɣ моɞиɮиɰироɜаннɵх ɩиримиɞиноɜɵх нуклеоɡиɞоɜ и нуклеоɬиɞоɜ на 
роɫɬ и анɬиокɫиɞанɬнɵɣ ɫɬаɬуɫ бакɬериалɶнɵх клеɬок P. mirabilis ɫ ɷкɜимолярнɵми анɬиокɫиɞанɬами и беɡ них
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VWLPXODWH WKH DFWLYLW\ RI DQWLR[LGDQW HQ]\PHV SUREDEO\ 
SOD\V D UROH LQ GLPLQLVKLQJ 526 FRQFHQWUDWLRQV ZLWKLQ 
EDFWHULDO FHOOV� )XUWKHUPRUH� WKLV ¿QGLQJ FRXOG KDYH 
VLJQL¿FDQW LPSOLFDWLRQV LQ WKH ¿HOG RI EDFWHULDO ELRORJ\� 
SDUWLFXODUO\ LQ XQGHUVWDQGLQJ WKH PHFKDQLVPV RI 
R[LGDWLYH VWUHVV LQ EDFWHULDO FHOOV� 7KH DELOLW\ RI 
TXHUFHWLQ WR PRGXODWH R[LGDWLYH VWUHVV LQ EDFWHULDO 
FHOOV FRXOG DOVR RSHQ XS QHZ DYHQXHV IRU WKH 
GHYHORSPHQW RI QRYHO DQWLPLFURELDO DJHQWV� 

7KH VSHFL¿FLW\ RI DFWLRQ RI WKHVH FRPSRXQGV 
WRZDUGV EDFWHULDO FHOOV LV WKRXJKW WR EH GXH WR 
GL൵HUHQFHV LQ FHOO ZDOO VWUXFWXUH� YDULDWLRQV LQ 
PHWDEROLF SDWKZD\V� DQG IDVWHU SUROLIHUDWLRQ UDWHV 
FRPSDUHG WR KXPDQ FHOOV� +RZHYHU� IXUWKHU 
LQYHVWLJDWLRQ LV QHFHVVDU\ WR FRQ¿UP DQG IXOO\ 
HOXFLGDWH WKH VHOHFWLYLW\ RI WKHVH FRPSRXQGV WRZDUGV 
EDFWHULDO FHOOV� 

Conclusions
7KH H[WHQVLYH XWLOL]DWLRQ RI DQWLELRWLFV DQG WKH 

UDSLG HPHUJHQFH RI DQWLELRWLF UHVLVWDQFH KDYH 
KLJKOLJKWHG WKH XUJHQW QHHG IRU WKH GLVFRYHU\ RI QHZ 
DQWLEDFWHULDO DJHQWV� ,Q WKLV FRQWH[W� PRGL¿HG 
QXFOHRVLGHV DQG QXFOHRWLGHV� ZKLFK VHUYH DV WKH 
IXQGDPHQWDO XQLWV RI '1$ DQG 51$� KDYH HPHUJHG 
DV SURPLVLQJ FDQGLGDWHV GXH WR WKHLU SRWHQWLDO WR 
LPSDFW HQ]\PH UHFRJQLWLRQ DQG RYHUDOO H൶FDF\ 
DJDLQVW YDULRXV SDWKRJHQV� ,Q RXU VWXG\� ZH HYDOXDWHG 
WKH DQWLEDFWHULDO SURSHUWLHV RI YDULRXV DOWHUHG SXULQH 
DQG S\ULPLGLQH QXFOHRVLGHV DQG QXFOHRWLGHV LQ DQ LQ 
YLWUR VHWWLQJ DQG H[DPLQHG WKHLU LQWHUDFWLRQV ZLWK 
DQWLR[LGDQWV�

2XU ¿QGLQJV UHYHDOHG WKDW DOO H[DPLQHG PRGL¿HG 
QXFOHRVLGHV DQG QXFOHRWLGHV GHPRQVWUDWHG GRVH�GHSHQGHQW 
LQKLELWRU\ H൵HFWV RQ WKH JURZWK RI ERWK *UDP�QHJDWLYH 

�P. mirabilis� DQG *UDP�SRVLWLYH �%. cereus� EDFWHULDO 
FXOWXUHV� )XUWKHUPRUH� WKH SUHVHQFH RI DQWLR[LGDQWV GLG 
QRW VLJQL¿FDQWO\ DOWHU WKHLU DQWLEDFWHULDO DFWLYLW\ EXW OHG WR 
D XQLYHUVDO HOHYDWLRQ LQ LQWUDFHOOXODU UHDFWLYH R[\JHQ 
VSHFLHV OHYHOV DFURVV DOO EDFWHULDO FXOWXUHV� 7KHVH UHVXOWV 
VXJJHVW D SRWHQWLDO DQWLEDFWHULDO PHFKDQLVP LQYROYLQJ WKH 
JHQHUDWLRQ RI UHDFWLYH R[\JHQ VSHFLHV� OHDGLQJ WR GDPDJH 
WR LQWUDFHOOXODU '1$� OLSLGV� DQG SURWHLQV�

$PRQJ WKH WHVWHG FRPSRXQGV� ÀXGDUDELQH SURYHG 
WR EH WKH PRVW H൵HFWLYH LQ LQFUHDVLQJ UHDFWLYH R[\JHQ 
VSHFLHV OHYHOV DQG GHPRQVWUDWHG D PRUH VLJQL¿FDQW 
LPSDFW RQ *UDP�SRVLWLYH %. cereus FHOOV� 7KH RWKHU 
H[DPLQHG FRPSRXQGV� VXFK DV ��1+2���&O�DUD�3XU 
DQG ÀXGDUDELQH PRQRSKRVSKDWH� DOVR LQGXFHG QRWDEOH 
LQFUHDVHV LQ UHDFWLYH R[\JHQ VSHFLHV OHYHOV� DOEHLW WR 
D OHVVHU H[WHQW WKDQ ÀXGDUDELQH�

,Q WKH FRQWH[W RI PRGL¿HG S\ULPLGLQH QXFOHRVLGHV 
DQG QXFOHRWLGHV� WKH WUHQGV REVHUYHG LQ FHOO JURZWK 
DOWHUDWLRQV VXJJHVWHG D GLPLQLVKLQJ H൶FDF\ LQ WKH 
LQKLELWRU\ LPSDFW RI S\ULPLGLQH GHULYDWLYHV RQ 
EDFWHULDO FHOO JURZWK� ZLWK DUD�&03 EHLQJ WKH PRVW 
HIIHFWLYH� $GGLWLRQDOO\� WKH FDSDFLW\ RI WKHVH 
FRPSRXQGV WR LQGXFH UHDFWLYH R[\JHQ VSHFLHV 
SURGXFWLRQ HVFDODWHG DFFRUGLQJO\�

,Q FRQFOXVLRQ� WKLV VWXG\ SURYLGHV YDOXDEOH LQVLJKWV 
LQWR WKH DQWLEDFWHULDO SURSHUWLHV RI PRGL¿HG QXFOHRVLGHV 
DQG QXFOHRWLGHV DQG WKHLU SRWHQWLDO LQWHUDFWLRQ ZLWK 
DQWLR[LGDQWV� 2XU ¿QGLQJV FRQWULEXWH WR WKH JURZLQJ 
ERG\ RI HYLGHQFH VXSSRUWLQJ WKH H[SORUDWLRQ RI WKHVH 
FRPSRXQGV DV SRWHQWLDO DQWLEDFWHULDO DJHQWV� 
SDUWLFXODUO\ LQ WKH FRQWH[W RI WKH JOREDO DQWLELRWLF 
UHVLVWDQFH FULVLV� )XWXUH UHVHDUFK VKRXOG IRFXV RQ WKH 
HOXFLGDWLRQ RI WKH PROHFXODU PHFKDQLVPV XQGHUO\LQJ 
WKH DQWLEDFWHULDO SURSHUWLHV RI WKHVH FRPSRXQGV DQG 
WKHLU SRWHQWLDO IRU FOLQLFDO DSSOLFDWLRQ�
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LQWHUYHQWLRQ � ,� 5RFD >HW DO�@ �� 1HZ 0LFUREHV 1HZ ,QIHFW� ± 
����� ± 9RO� �� ± 3� ��±��� 

�� <VVHO� $� (� -� 5HSXUSRVLQJ RI QXFOHRVLGH� DQG QXFOHREDVH�
GHULYDWLYH GUXJV DV DQWLELRWLFV DQG ELR¿OP LQKLELWRUV � $�(� -�<VVHO� 
-� 9DQGHUOH\GHQ� +� 3� 6WHHQDFNHUV �� -� $QWLPLFURE� &KHPRWKHU� ± 
����� ± 9RO� ��� ʋ�� ± 3� ����±�����

�� 'H &OHUFT� (� $SSURYHG $QWLYLUDO 'UXJV RYHU WKH 3DVW �� 
<HDUV � (� 'H &OHUFT� *� /L �� &OLQ 0LFURELRO 5HY� ± ����� ± 
9RO� ��� ʋ�� ± 3����±���� 

�� .L\RVKL� ,� 1XFOHRVLGH DQWLELRWLFV� VWUXFWXUH� ELRORJLFDO 
DFWLYLW\� DQG ELRV\QWKHVLV � ,� .L\RVKL �� 7KH -RXUQDO RI 
$QWLELRWLFV� ± ����� ± 9RO� ������� ± 3�����±����� 

�� 3XURP\FLQV %�(� QDWXUDOO\ RFFXUULQJ DPLQR�QXFOHRVLGHV 
SURGXFHG E\ WKH +LPDOD\DQ LVRODWH Streptomyces VS� 38���* 
� 0� $EEDV >HW DO@ �� -� 1DW� 3URG� ± ����� ± 9RO� ������� ± 
3� ����±����� 

��� 'DSWRP\FLQ 3RUH )RUPDWLRQ DQG 6WRLFKLRPHWU\ 'HSHQG RQ 
0HPEUDQH 3RWHQWLDO RI 7DUJHW 0HPEUDQH � *� 6H\GORYi >HW 
DO�@ �� $QWLPLFURE $JHQWV &KHPRWKHU� ± ����� ± 9RO� ������ ± 
H�����±��� 

��� $YRLGLQJ $QWLELRWLF ,QDFWLYDWLRQ LQ 0\FREDFWHULXP 
WXEHUFXORVLV E\ 5Y���� WKURXJK 6WUDWHJLF 1XFOHRVLGH 
0RGL¿FDWLRQ � 0�5� %RFNPDQ >HW DO�@ �� $&6 ,QIHFWLRXV 
'LVHDVHV� ± ����� ± 9RO� ����� ± 3�����±�����

��� 6HUSL� 0� 1XFOHRVLGH 'HULYHG $QWLELRWLFV WR )LJKW 0LFURELDO 
'UXJ 5HVLVWDQFH� 1HZ 8WLOLWLHV IRU DQ (VWDEOLVKHG &ODVV RI 
'UXJV" � 0� 6HUSL� 9� )HUUDUL� )� 3HUWXVDWL �� - 0HG &KHP� ± 
����� ± 9RO� ��� ʋ��� ± 3� �����±������

��� 6\QWKHVLV RI ZDWHU�VROXEOH SURGUXJV RI ��PRGLILHG 
�¶�GHR[\XULGLQHV DQG WKHLU DQWLEDFWHULDO DFWLYLW\ � 6� '� 1HJU\D 
>HW DO�@ �� -� $QWLELRW� �7RN\R�� ± ����� ± 9RO������� ± 
3� ���±����

��� Ɉɰенка анɬибакɬериалɶноɣ акɬиɜноɫɬи моɞиɮиɰироɜан�
нɵх арабиноɡиɞоɜ ɩуриноɜого ряɞа � Ⱥ� Ⱥ� ɒихаɞ >и ɞр�@ 
�� ȼеɫнɿк Ƚроɞɡенɫкага ɞɡярɠаʆнага ʆнɿɜерɫɿɬɷɬа ɿмя əнкɿ 
Ʉуɩалɵ� ɋерɵя �� ɗканомɿка� ɋаɰɵялогɿя� Бɿялогɿя� ± 
����� ± Ɍ� ��� ʋ �� ± ɋ� ���±����

��� In Yitro DQWLPLFURELDO DFWLYLW\ SUR¿OH RI PRGL¿HG S\ULPLGLQH 
QXFOHRVLGHV GHULYDWLYHV � $� 6KLKDG >HW DO�@ �� -RXUQDO RI 
3KDUPDFHXWLFDO 5HVHDUFK ,QWHUQDWLRQDO� ± ����� ± 9RO� �� 
���$�� ± 3� ��±��� 

��� 5HVD]XULQ DVVD\ IRU DVVHVVPHQW RI DQWLPLFURELDO SURSHUWLHV RI 
HOHFWURVSXQ QDQR¿EHU ¿OWUDWLRQ PHPEUDQHV � (� 7UDYQLFNRYD 
>HW DO�@ �� $0% ([SUHVV� ± ����� ± 9RO� ����� ± 3� ����

��� &DVH VWXGLHV RI ÀXRULQH LQ GUXJ GLVFRYHU\ � /� ;LQJ >HW DO�@ �� 
)OXRULQH LQ /LIH 6FLHQFHV� 3KDUPDFHXWLFDOV� 0HGLFLQDO 
'LDJQRVWLFV� DQG $JURFKHPLFDOV � HGV� *� +DXIH� )� 5� /HURX[� ± 
&DPEULGJH� $FDGHPLF 3UHVV� ����� ± 3� ���±����
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ПОТЕНЦИАЛ МОДИФИЦИРОВАННЫХ НУКЛЕОЗИДОВ 
И НУКЛЕОТИДОВ КАК НОВЫХ АНТИБАКТЕРИАЛЬНЫХ 

АГЕНТОВ: IN VITRO ИССЛЕДОВАНИЕ ИНГИБИРОВАНИЯ РОСТА 
БАКТЕРИЙ И ИНДУКЦИИ ОКИСЛИТЕЛЬНОГО СТРЕССА

Ⱥ. Ƚ. ɋɵса, ȿ. ɂ. Ʉɜасɸɤ, Ⱥ. ɒиɯаɞ, ȿ. Ɋ. Ƚɪиɰɤɟɜиɱ
Ȼɟлоɪуссɤиɣ ɝосуɞаɪстɜɟɧɧɵɣ уɧиɜɟɪситɟт, ɆȽɗɂ иɦ. Ⱥ. Ⱦ. ɋаɯаɪоɜа ȻȽɍ, 

ɝ. Ɇиɧсɤ, Ɋɟспуɛлиɤа Ȼɟлаɪусɶ

Введение. ɑреɡмерное иɫɩолɶɡоɜание анɬибиоɬикоɜ ɜ ɡɞраɜоохранении ɩриɜело к роɫɬу уɫɬоɣɱиɜоɫɬи 
к анɬибиоɬикам� Ⱦля борɶбɵ ɫ уɫɬоɣɱиɜɵми бакɬериями ɫроɱно необхоɞимɵ ноɜɵе анɬибакɬериалɶнɵе 
ɩреɩараɬɵ� ɉроиɡɜоɞнɵе нуклеиноɜɵх киɫлоɬ ɞемонɫɬрируɸɬ ɩоɬенɰиал ɜ каɱеɫɬɜе ɩроɬиɜомикробнɵх 
ɫреɞɫɬɜ�

Цель исследования. Ɉɰенка анɬибакɬериалɶноɣ ɷɮɮекɬиɜноɫɬи моɞиɮиɰироɜаннɵх нуклеоɡиɞоɜ 
и нуклеоɬиɞоɜ ɜ уɫлоɜиях in Yitro� 

Материалы и методы. ȼ рабоɬе иɡуɱалиɫɶ моɞиɮиɰироɜаннɵе нуклеоɡиɞɵ�нуклеоɬиɞɵ на оɫноɜе 
ɩуриноɜɵх�ɩиримиɞиноɜɵх оɫноɜаниɣ� ɂɫɩолɶɡоɜали бакɬериалɶнɵе кулɶɬурɵ P. mirabilis и %. cereus� 
ɋкороɫɬɶ роɫɬа оɰениɜали ɩо меɬаболиɡму реɡаɡурина� уроɜни ȺɎɄ ɜ бакɬериалɶнɵх клеɬках оɰениɜалиɫɶ 
ɫ иɫɩолɶɡоɜанием ɡонɞа '&)+�'$�

Результаты. ɉокаɡано� ɱɬо ɜɫе иɫɫлеɞоɜаннɵе ɫоеɞинения окаɡɵɜали ɞоɡоɡаɜиɫимое ингибируɸɳее 
ɞеɣɫɬɜие на роɫɬ иɫɫлеɞоɜаннɵх бакɬериалɶнɵх кулɶɬур� ȼклɸɱение анɬиокɫиɞанɬа кɜерɰеɬина ɜ ɫмеɫɶ 
реагенɬоɜ не иɡменяло ɷɮɮекɬиɜноɫɬɶ ɫоеɞинениɣ ɜ ɩоɞаɜлении роɫɬа бакɬериалɶнɵх клеɬок� Ɉɞнако ɜо 
ɜɫех бакɬериалɶнɵх кулɶɬурах� ɩоɞɜергɲихɫя ɜоɡɞеɣɫɬɜиɸ иɡуɱаемɵх ɫоеɞинениɣ� наблɸɞалоɫɶ ɩоɜɫе�
меɫɬное ɩоɜɵɲение ɜнуɬриклеɬоɱнɵх уроɜнеɣ ȺɎɄ� ɱɬо укаɡɵɜаеɬ на ɬо� ɱɬо анɬибакɬериалɶная акɬиɜ�
ноɫɬɶ ɷɬих ɫоеɞинениɣ моɠеɬ бɵɬɶ ɫɜяɡана ɫ их ɫɩоɫобноɫɬɶɸ ɜɵɡɵɜаɬɶ окиɫлиɬелɶнɵɣ ɫɬреɫɫ ɜ бакɬе�
риалɶнɵх клеɬках� 

Заключение. ɂɫɫлеɞоɜание ɩокаɡало� ɱɬо моɞиɮиɰироɜаннɵе нуклеоɡиɞɵ и нуклеоɬиɞɵ облаɞаɸɬ 
ɩоɬенɰиалɶнɵми анɬибакɬериалɶнɵми ɫɜоɣɫɬɜами и могуɬ бɵɬɶ ɩолеɡнɵ ɜ каɱеɫɬɜе ноɜɵх анɬибакɬери�
алɶнɵх ɫреɞɫɬɜ� 

Ключевые слова: моɞиɮиɰироɜаннɵе нуклеоɡиɞɵ� нуклеоɬиɞɵ� анɬибакɬериалɶная акɬиɜноɫɬɶ� ак�
ɬиɜнɵе ɮормɵ киɫлороɞа �ȺɎɄ�� окиɫлиɬелɶнɵɣ ɫɬреɫɫ� ɲɬаммɵ бакɬериɣ ɫ мноɠеɫɬɜенноɣ лекарɫɬɜен�
ноɣ уɫɬоɣɱиɜоɫɬɶɸ�

Для цитирования. ɉоɬенɰиал моɞиɮиɰироɜаннɵх нуклеоɡиɞоɜ и нуклеоɬиɞоɜ как ноɜɵх анɬибак�
ɬериалɶнɵх агенɬоɜ� in Yitro иɫɫлеɞоɜание ингибироɜания роɫɬа бакɬериɣ и инɞукɰии окиɫлиɬелɶного 
ɫɬреɫɫа � Ⱥ� Ƚ� ɋɵɫа >и ɞр�@ �� Биохимия и молекулярная биология� ± ����� ± Ɍ� �� ʋ����� ± ɋ� ���±����
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