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N-ÁÅÍÇÎÒ²ÀÇÎË-2-²Ë-ÁÅÍÇÅÍÑÓËÜÔÎÍÀÌ²ÄÓ

Ïîêàçàíî, ùî íàêîïè÷åííÿ á³îìàñè Staphylococcus aureus, Salmonella 
enteritidis ³ Pseudomonas aeruginosa ó ïëàíêòîííèõ êóëüòóðàõ ³ ôîð- ³ Pseudomonas aeruginosa ó ïëàíêòîííèõ êóëüòóðàõ ³ ôîð-Pseudomonas aeruginosa ó ïëàíêòîííèõ êóëüòóðàõ ³ ôîð- aeruginosa ó ïëàíêòîííèõ êóëüòóðàõ ³ ôîð-aeruginosa ó ïëàíêòîííèõ êóëüòóðàõ ³ ôîð- ó ïëàíêòîííèõ êóëüòóðàõ ³ ôîð-
ìóâàííÿ íèìè á³îïë³âêè äîçî-çàëåæíî çìåíøóºòüñÿ â ïðèñóòíîñò³ 
N-áåíçîò³àçîë-2-³ë-áåíçåíñóëüôîíàì³äó (ñïîëóêà I) òà éîãî ïîõ³äíèõ ç 
íóêëåîô³ëüíèìè çàì³ñíèêàìè (ñïîëóêè II, III ³ IV). Óòâîðåííÿ á³îïë³âêè 
ñòàô³ëîêîêîì îäíàêîâî ãàëüìóºòüñÿ âñ³ìà ñïîëóêàìè íåçàëåæíî â³ä 
¿õ ñòðóêòóðè. Ó òîé æå ÷àñ, àíàëîãè ç íóêëåîô³ëüíèìè çàì³ñíèêàìè 
áóëè á³ëüø àêòèâíèìè ó ïîð³âíÿíí³ ç³ ñïîëóêîþ I ùîäî ãðàìíåãàòèâíèõ 
áàêòåð³é. Íàéá³ëüø âèñîêà àêòèâí³ñòü ñïîëóê III ³ IV çàðåºñòðîâàíà 
ïðè ¿õ âèêîðèñòàíí³ ó êîíöåíòðàö³¿ 80 ìêÌ. Ïðè öüîìó ôîðìóâàííÿ 
á³îïë³âêè S. aureus ãàëüìóºòüñÿ ó 5,4 ðàçó, P. aeruginosa – ó 8,4 ðàçó, 
S. ånteritidis – ó 4,9 ðàçó.

Ê ë þ ÷ î â ³  ñ ë î â à :  á³îïë³âêà, á³îìàñà ïëàíêòîííî¿ êóëüòóðè, 
N-áåíçîò³àçîë-2-³ë-áåíçåíñóëüôîíàì³ä, ïîõ³äí³ ç íóêëåîô³ëüíèìè 
çàì³ñíèêàìè. 

Âèÿâëåííÿ â îñòàíí³ ÷àñè íîâèõ âèä³â àêòèâíîñò³ ó ñóëüôàí³ëàì³ä³â 
ïîíîâèëî ³íòåðåñ äî ö³º¿ ãðóïè àíòèì³êðîáíèõ çàñîá³â. Ñüîãîäí³ ó ñâ³ò³ 
÷èñëåíí³ ëàáîðàòîð³¿ ñèíòåçóþòü òà âèâ÷àþòü âëàñòèâîñò³ íîâèõ àíàëîã³â 
öèõ ïðåïàðàò³â, ùî º ñâ³ä÷åííÿì àêòóàëüíîñò³ ö³º¿ ïðîáëåìè [4, 8–10]. 

Ðàí³øå íàìè áóëà âñòàíîâëåíà àíòèì³êðîáíà ä³ÿ íîâèõ àíàëîã³â 
ñóëüôàí³ëàì³ä³â, à ñàìå N-áåíçîò³àçîë-2-³ë-áåíçåíñóëüôîíàì³äó òà éîãî 
ïîõ³äíèõ ç íóêëåîô³ëüíèìè çàì³ñíèêàìè ó ôåí³ëüíîìó ê³ëüö³ [2]. Êð³ì òîãî, 
áóëî ïîêàçàíî, ùî ïàðà-àì³íîáåíçîéíà êèñëîòà ïðàêòè÷íî íå çìåíøóº 
àíòèì³êðîáíèé åôåêò öèõ ñïîëóê. Ö³ ðåçóëüòàòè ñâ³ä÷àòü ïðî íàÿâí³ñòü 
ó ïîõ³äíèõ N-áåíçîò³àçîë-2-³ë-áåíçåíñóëüôîíàì³äó ³íøèõ ìåõàí³çì³â ä³¿, 
í³æ ïðèòàìàííà â³äîìèì ïðåïàðàòàì çäàòí³ñòü êîíêóðåíòíî ³íã³áóâàòè 
áàêòåð³àëüíó ä³ã³äðîïòåðîàòñèíòàçó [3, 7]. Éìîâ³ðíîþ ì³øåííþ ìîæå 
âèñòóïàòè ñèñòåìà quorum sensing, ÿêà êîíòðîëþº ìíîæèíí³ ôàêòîðè 
ïàòîãåííîñò³, ì³æêë³òèííó êîìóí³êàö³þ, óòâîðåííÿ á³îïë³âêè òîùî [6].
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 Ìåòîþ äàíî¿ ðîáîòè áóëî äîñë³äæåííÿ ôîðìóâàííÿ á³îïë³âêè 
Staphylococcus aureus, Salmonella enteritidis ³ Pseudomonas aeruginosa 
çà ïðèñóòíîñò³ ïîõ³äíèõ N-áåíçîò³àçîë-2-³ë-áåíçåíñóëüôîíàì³äó.

Ìàòåðiàëè i ìåòîäè
Ó ðîáîò³ ÿê òåñò-ì³êðîîðãàí³çìè âèêîðèñòîâóâàëè êîëåêö³éí³ øòàìè 

Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 
27853 ³ Salmonella enteritidis var. Isatchenko ÂÍÈÈÑÕÌ 18/1 îòðèìàí³ 
ç êîëåêö³¿ êóëüòóð êàôåäðè ì³êðîá³îëîã³¿ ³ â³ðóñîëîã³¿ Îäåñüêîãî íàö³î-
íàëüíîãî óí³âåðñèòåòó ³ìåí³ I.I. Ìå÷íèêîâà.

Çáåð³ãàííÿ òåñò-øòàì³â ïðîâîäèëè íà ïîâåðõí³ ñêîøåíîãî ì’ÿñî-
ïåïòîííîãî àãàðó (ÌÏÀ) ïðè òåìïåðàòóð³ 4 °Ñ. Äëÿ åêñïåðèìåíòó 
âèêîðèñòîâóâàëèñü äîáîâ³ êóëüòóðè, ùî âèðîùóâàëèñü ó ïðîá³ðêàõ íà 
ñêîøåíîìó ÌÏÀ ïðè 37 °Ñ.

Iíêóáàö³þ óñ³õ êóëüòóð ïðîâîäèëè ó 48-ëóíêîâèõ ïëàíøåòàõ äëÿ êóëü-
òóðè òêàíèí ô³ðìè “Nunclon”. Ó êîæíó ëóíêó äîäàâàëè ïî 1 ìë ñóñïåíç³¿ 
êë³òèí, ÿêà ì³ñòèëà 103 ÊÓÎ/ìë. ×åðåç 24 ãîäèíè ç êîæíî¿ ëóíêè ðåòå-ÊÓÎ/ìë. ×åðåç 24 ãîäèíè ç êîæíî¿ ëóíêè ðåòå-
ëüíî â³äáèðàëè ïëàíêòîíí³ êóëüòóðè ³ ñïåêòðîôîòîìåòðè÷íî îö³íþâàëè 
íàêîïè÷åííÿ â íèõ á³îìàñè ïðè 540 íì. Á³îïë³âêè íà äí³ ëóíîê â³äìèâàëè 
ô³ç³îëîã³÷íèì ðîç÷èíîì òà ô³êñóâàëè 96% åòàíîëîì íà ïðîòÿç³ 10 õâ. 
Á³îïë³âêè çàáàðâëþâàëè âîäíèìè ðîç÷èíàìè êðèñòàë³÷íîãî ô³îëåòîâîãî 
íà ïðîòÿç³ 5 õâ ïðè ê³ìíàòí³é òåìïåðàòóð³. Ïëàíøåòè ³ç çàáàðâëåíîþ 
á³îïë³âêîþ ï³äñóøóâàëè 24 ãîäèíè çà ê³ìíàòíî¿ òåìïåðàòóðè òà çàëèâàëè 
ë³çóþ÷èì ðîç÷èíîì, ùî ì³ñòèâ 0,1 N NaOH ³ 1% SDS, ïî 1 ìë ó êîæíó 
ëóíêó. Ïëàíøåòè âèòðèìóâàëè 1,5–2 ãîäèíè äî ïîâíîãî ë³çèñó á³îïë³âêè 
çà ê³ìíàòíî¿ òåìïåðàòóðè. Iíòåíñèâí³ñòü ôîðìóâàííÿ á³îïë³âêè âèçíà÷àëè 
øëÿõîì âèì³ðþâàííÿ îïòè÷íî¿ ãóñòèíè äîñë³äíèõ òà êîíòðîëüíèõ çðàçê³â 
íà ñïåêòðîôîòîìåòð³ “Spekol-10” ïðè äîâæèí³ õâèë³ 592 íì [5]. 

Ïðî ³íã³áóâàííÿ óòâîðåííÿ á³îïë³âêè òåñò-øòàìàìè ñóäèëè ïî íàÿâ-
íîñò³ ð³çíèö³ îïòè÷íî¿ ãóñòèíè ì³æ äîñë³äíèìè ³ êîíòðîëüíèìè çðàçêàìè 
ç ïîäàëüøèì ðîçðàõóíêîì biofilm index (BI) çà ôîðìóëîþ [11]:

ÂI = OD
592

(êðèñòàë³÷íèé ô³îëåòîâèé)·    
OD

592
 (ïëàíêòîí)

         OD
592

 (ïîñ³âíà äîçà)

Ó ðîáîò³ ÿê ïëàíêòîíí³ ïîçíà÷åí³ êóëüòóðè, ùî çíàõîäèëèñÿ ó ð³äêî-
ìó ñåðåäîâèù³ íàä á³îïë³âêîþ. Ñóñïåíç³éíèìè ââàæàëè ð³äê³ êóëüòóðè, 
ÿê³ âèðîùóâàëèñü ó ïðîá³ðêàõ ³ íå óòâîðþâàëè á³îïë³âêè.

Óñ³ åêñïåðèìåíòè ïîâòîðþâàëè 3 ðàçè. Ê³ëüê³ñòü ïàðàëåëåé êîæíîãî ç 
âàð³àíò³â äîð³âíþâàëà 6. Äëÿ îáðîáêè òà àíàë³çó äàíèõ âèêîðèñòîâóâàëè 
ìåòîäè âàð³àö³éíî¿ ñòàòèñòèêè ç ðîçðàõóíêîì ñåðåäíüî¿ àðèôìåòè÷íî¿ 
òà ¿¿ ñåðåäíüîêâàäðàòè÷íîãî â³äõèëåííÿ. Â³ðîã³äí³ñòü ð³çíèö³ ïîêàçíèê³â 
îö³íþâàëè çà äîïîìîãîþ t-êðèòåð³þ Ñòüþäåíòà. Ìàòåìàòè÷íó îáðîáêó 
îòðèìàíèõ äàíèõ çä³éñíþâàëè ç âèêîðèñòàííÿì ïðîãðàìè MS Excel [1].
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Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Ó ðîáîò³ âèêîðèñòîâóâàëè ñèíòåçîâàí³ â Ïðîáëåìí³é íàóêîâî-äîñë³äí³é 

ëàáîðàòîð³¿ ¹ 5 Îäåñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ I.I. Ìå÷íèêî- 5 Îäåñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ I.I. Ìå÷íèêî-5 Îäåñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ I.I. Ìå÷íèêî-
âà N-áåíçîò³àçîë-2-³ë-áåíçåíñóëüôîíàì³ä (ñïîëóêà I, R=H) òà éîãî ïîõ³äí³ 
ç íóêëåîô³ëüíèìè çàì³ñíèêàìè: R=Cl (II), R=F (III), R=NO

2 
(IV):

Ê³íöåâ³ êîíöåíòðàö³¿ äîñë³äæóâàíèõ ñïîëóê ó ñåðåäîâèù³ ñòàíîâèëè 
0,4; 4; 40 òà 80 ìêÌ.

Ïðè âèâ÷åíí³ ä³¿ íîâèõ àíàëîã³â ñóëüôàí³ëàì³ä³â âèêîðèñòîâóâàëè 
òðè øòàìè áàêòåð³é – Staphylococcus aureus, Salmonella enteritidis ³ 
Pseudomonas aeruginosa, ç êîëåêö³¿ ì³êðîîðãàí³çì³â êàôåäðè ì³êðîá³î-
ëîã³¿ ³ â³ðóñîëîã³¿ ÎÍÓ. 

Îòðèìàí³ ðåçóëüòàòè (òàáë.) ñâ³ä÷àòü, ùî óñ³ äîñë³äæóâàí³ ñïîëóêè 
çäàòí³ ³íã³áóâàòè íàêîïè÷åííÿ á³îìàñè òåñò-ì³êðîîðãàí³çì³â ó ïëàíêòîí³ 
ïðè ¿õ êóëüòèâóâàíí³ â óìîâàõ, ÿê³ çàáåçïå÷óþòü óòâîðåííÿ á³îïë³âêè. 
Ïðè÷îìó ñïðÿìîâàí³ñòü öèõ çì³í â çàëåæíîñò³ â³ä êîíöåíòðàö³é ïîõ³äíèõ 
N-áåíçîò³àçîë-2-³ë-áåíçåíñóëüôîíàì³äó áóëà ïîä³áíà äî ò³º¿, ùî ñïîñòå--áåíçîò³àçîë-2-³ë-áåíçåíñóëüôîíàì³äó áóëà ïîä³áíà äî ò³º¿, ùî ñïîñòå-
ð³ãàëàñÿ ó ñóñïåíç³éíèõ êóëüòóðàõ [2]. 

Äëÿ S. aureus âñòàíîâëåíî çàëåæíå â³ä êîíöåíòðàö³¿ çíèæåííÿ 
íàêîïè÷åííÿ á³îìàñè â ïðèñóòíîñò³ óñ³õ ïîõ³äíèõ N-áåíçîò³àçîë-2-
³ë-áåíçåíñóëüôîíàì³äó. Ïðè öüîìó äëÿ ñïîëóê II, III, IV, ÿê³ ì³ñòÿòü 
íóêëåî ô³ëüí³ çàì³ñíèêè, íå ñïîñòåð³ãàëîñÿ çíà÷íèõ â³äì³ííîñòåé ó ð³âí³ 
àíòèì³êðîáíî¿ ä³¿ â ïîð³âíÿíí³ ç³ ñïîëóêîþ I. Çà íàéìåíøî¿ ç âèêîðèñ-
òàíèõ êîíöåíòðàö³é (0,4 ìêÌ) ³íã³áóþ÷èé åôåêò ñêëàäàâ 25–35%. Çà 
ïðèñóòíîñò³ äîñë³äæóâàíèõ ïîõ³äíèõ ó êîíöåíòðàö³¿ 80 ìêÌ ê³ëüê³ñòü 
á³îìàñè ñòàô³ëîêîêó çìåíøóâàëàñÿ ó 2,2–2,8 ðàç³â. 

Äëÿ ãðàìíåãàòèâíèõ áàêòåð³é ñïîñòåð³ãàëàñÿ ³íøà êàðòèíà. Ó öèõ 
âèïàäêàõ, îñîáëèâî ïðè âèñîêèõ êîíöåíòðàö³ÿõ, âèÿâëåíî á³ëüø çíà÷íå 
ïðèãí³÷åííÿ íàêîïè÷åííÿ á³îìàñè çà ä³¿ ïîõ³äíèõ ç íóêëåîô³ëüíèìè çàì³ñ-
íèêàìè. Ê³ëüê³ñòü á³îìàñè P. àeruginosa çà ä³¿ ñïîëóêè I ó êîíöåíòðàö³¿ 
80 ìêÌ áóëà íèæ÷îþ ó ïîð³âíÿíí³ ç êîíòðîëåì â 1,76 ðàçó, à çà ä³¿ ñïî- ìêÌ áóëà íèæ÷îþ ó ïîð³âíÿíí³ ç êîíòðîëåì â 1,76 ðàçó, à çà ä³¿ ñïî-ìêÌ áóëà íèæ÷îþ ó ïîð³âíÿíí³ ç êîíòðîëåì â 1,76 ðàçó, à çà ä³¿ ñïî-
ëóê II, III ³ IV – ó 3,34, 5,55 òà 6,26 ðàçó, â³äïîâ³äíî. 

Äëÿ S. enteritidis âñòàíîâëåíî òàêó ñàìó çàêîíîì³ðí³ñòü, õî÷à ¿¿ 
÷óòëèâ³ñòü äî äîñë³äæåíèõ ïîõ³äíèõ áåíçîò³àçîëó áóëà äåùî íèæ÷îþ ó 
ïîð³âíÿíí³ ç P. àeruginosa: íàêîïè÷åííÿ á³îìàñè ñòðèìóâàëîñÿ çà ïðèñó-
òíîñò³ á³ëüøî¿ êîíöåíòðàö³¿ ñïîëóê I–IV ó 1,7, 2,2, 2,57 ³ 2,79 ðàç³â.
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Òàáëèöÿ
Íàêîïè÷åííÿ áiîìàñè (OD540• 10-3) ó ïëàíêòîííèõ êóëüòóðàõ çà ïðèñóòíîñòi 

ïîõiäíèõ N-áåíçîòiàçîë-2-ië-áåíçåíñóëüôîíàìiäó

Table
Biomass accumulation (OD540•10-3) in planktonic cultures in presence  

of N-benzotiazol-2-yl-benzensulfonamide derivatives

Ìiêðî-
îðãà-
íèçì

Ñïî-
ëóêà

Êîíöåíòðàöiÿ, ìêÌ

0,4 4,0 40,0 80,0

S
ta

p
h
y
lo

co
cc

u
s
 a

u
r
e
u
s

Ê 542±29 542±29 542±29 542±29

I 407±38 358±33 255±28* 189±23*

II 352±40 309±34 217±26* 228±35*

III 358±37 293±32 233±28* 216±25*

IV 357±35 282±30 249±31* 238±22*

P
s
e
u
d
o
m

o
n
a
s
 

a
e
r
u
g
in

o
s
a

Ê 1815±103 1815±103 1815±103 1815±103

I 1325±126 1144±121 1016±134 1029±127

II 1129±130 944±105 871±86* 544±67*

III 1071±119 889±93 617±76* 327±45*

IV 1068±126 780±83 545±66* 290±37*

S
a
lm

o
n
e
ll
a
 e

n
te

r
it
id

is Ê 734±38 734±38 734±38 734±38

I 624±58 484±50 455±42 433±39

II 565±61 462±52 408±48* 334±47*

III 440±43 382±38 330±38* 286±31*

IV 536±60 404±45 272±33* 263±27*

Ïðèì³òêà: Ê – êîíòðîëü; * – ð³çíèöÿ ó ïîð³âíÿíí³ ç êîíòðîëåì â³ðîã³äíà
Note: K – control; * – significant different from control

Îäíàê àíàëîãè ç íóêëåîô³ëüíèìè çàì³ñíèêàìè ³ â öüîìó âèïàäêó 
âèÿâèëèñÿ á³ëüø åôåêòèâíèìè (íà 15–25%), í³æ N-áåíçîò³àçîë-2-³ë-
áåíçåíñóëüôîíàì³ä.

Ðåçóëüòàòè âèçíà÷åííÿ âïëèâó ïîõ³äíèõ N-áåíçîò³àçîë-2-³ë-áåíçåí-
ñóëüôîíàì³äó íà óòâîðåííÿ äîñë³äæóâàíèìè áàêòåð³ÿìè á³îïë³âêè íà-
âåäåí³ íà ðèñ. 1–3. Îòðèìàí³ äàí³ ïîêàçàëè, ùî äîñë³äæóâàí³ ì³êðîîð-
ãàí³çìè â³äð³çíÿþòüñÿ îäèí â³ä îäíîãî íå ò³ëüêè íàêîïè÷åííÿì á³îìàñè 
(òàáë.), àëå é ³íòåíñèâí³ñòþ ôîðìóâàííÿ á³îïë³âêè. Â³äïîâ³äí³ ³íäåêñè 
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äîð³âíþþòü: 4,3±0,3 äëÿ S. aureus, 6,7±0,5 äëÿ P. aeruginosa ³ 5,4±0,5 
äëÿ S. ånteritidis.

Âæå çà ìåíøî¿ êîíöåíòðàö³¿ äîñë³äæóâàíèõ ñïîëóê ñïîñòåð³ãàºòüñÿ ³í-

ã³áóâàííÿ óòâîðåííÿ á³îïë³âêè. Ê³ëüê³ñí³ çì³íè â çàëåæíîñò³ â³ä ñòðóêòóðè 
ñïîëóê ñòàíîâëÿòü 26–35% ó ðàç³ ñòàô³ëîêîêó, 16–36% – ïñåâäîìîíàäè, 
10–35% – ñàëüìîíåëè. Çðîñòàííÿ êîíöåíòðàö³é ïðèçâîäèòü äî ñïîâ³ëü-
íåííÿ ïðîöåñó ôîðìóâàííÿ á³îïë³âêè ³ ïî÷èíàþ÷è ç êîíöåíòðàö³¿ ñïîëóê 
4 ìêÌ ðåçóëüòàòè â³ðîã³äíî â³äð³çíÿþòüñÿ â³ä ïîêàçíèê³â êîíòðîëþ äëÿ 
êîæíîãî ç ì³êðîîðãàí³çì³â. Äëÿ S. àureus ïðàêòè÷íî íå ñïîñòåð³ãàºòüñÿ 
â³äì³ííîñòåé ì³æ åôåêòàìè N-áåíçîò³àçîë-2-³ë-áåíçåíñóëüôîíàì³äó òà 
éîãî ïîõ³äíèõ ïðè îäí³é ³ ò³é æå êîíöåíòðàö³¿ (ðèñ. 1). 

 

Ðèñ. 1. Óòâîðåííÿ áiîïëiâêè Staphylococcus aureus çà ïðèñóòíîñòi ðiçíèõ 
êîíöåíòðàöié ïîõiäíèõ N-áåíçîòiàçîë-2-ië-áåíçåíñóëüôîíàìiäó 

Ïðèì³òêà: Ê – êîíòðîëü; * – ð³çíèöÿ ó ïîð³âíÿíí³ ç êîíòðîëåì â³ðîã³äíà  
äëÿ óñ³õ ñïîëóê

Fig. 1. Staphylococcus aureus biofilm formation in presence of  
N-benzotiazol-2-yl-benzensulfonamide derivatives 

Note: K – control; * – significant different from control for all compounds

Íà â³äì³íó â³ä ñòàô³ëîêîêó äëÿ äâîõ ³íøèõ ì³êðîîðãàí³çì³â âñòàíîâ-
ëåíà ð³çíà ÷óòëèâ³ñòü ïðîöåñó óòâîðåííÿ á³îïë³âêè äî ä³¿ ð³çíèõ ñïîëóê. 
Òàê, ïî÷èíàþ÷è ç êîíöåíòðàö³¿ 4 ìêÌ ñïîëóêè III ³ IV âèÿâëÿþòü á³ëüø 
âèñîêó àêòèâí³ñòü ó ïîð³âíÿíí³ ç³ ñïîëóêàìè I ³ II (ðèñ. 2 ³ 3). Ïîäàëüøå 
ï³äâèùåííÿ êîíöåíòðàö³é âèêëèêàº ùå á³ëüø³ â³äì³ííîñò³ ³ åôåêòè III ³ 
IV â³ðîã³äíî â³äð³çíÿþòüñÿ â³ä ä³¿ ñïîëóêè I.
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Ðèñ. 2. Óòâîðåííÿ áiîïëiâêè Pseudomonas aeruginosa çà ïðèñóòíîñòi ðiçíèõ 
êîíöåíòðàöié ïîõiäíèõ N-áåíçîòiàçîë-2-ië-áåíçåíñóëüôîíàìiäó 

Ïðèì³òêà: Ê – êîíòðîëü; * – ð³çíèöÿ ó ïîð³âíÿíí³ ç êîíòðîëåì â³ðîã³äíà äëÿ 
óñ³õ ñïîëóê;  ** – ð³çíèöÿ äëÿ ñïîëóê III ³ IV â³ðîã³äíà ó ïîð³âíÿíí³ ç³ ñïîëóêîþ I

Fig. 2. Pseudomonas aeruginosa biofilm formation in presence of  
N-benzotiazol-2-yl-benzensulfonamide derivatives 

Note: K – control; * – significant different from control for all compounds;  
** – data for compounds III and IV significant different from data for compound I

 

 

Ðèñ. 3. Óòâîðåííÿ áiîïëiâêè Salmonella enteritidis çà ïðèñóòíîñòi ðiçíèõ 

êîíöåíòðàöié ïîõiäíèõ N-áåíçîòiàçîë-2-ië-áåíçåíñóëüôîíàìiäó

Ïðèì³òêà: Ê – êîíòðîëü; * – ð³çíèöÿ ó ïîð³âíÿíí³ ç êîíòðîëåì â³ðîã³äíà äëÿ 
óñ³õ ñïîëóê;

** – ð³çíèöÿ äëÿ ñïîëóê III ³ IV â³ðîã³äíà ó ïîð³âíÿíí³ ç³ ñïîëóêîþ I

Fig. 3. Salmonella enteritidis biofilm formation in presence of  
N-benzotiazol-2-yl-benzensulfonamide derivatives 

Note: K – control; * - significant different from control for all compounds;  
** – data for compounds III and IV significant different from data for compound I
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Ï'ÿòäåñÿòèâ³äñîòêîâå ïðèãí³÷åííÿ ôîðìóâàííÿ á³îïë³âêè ñïîëóêàìè 
III ³ IV äîñÿãàºòüñÿ âæå ïðè ¿õ êîíöåíòðàö³¿ 4 ìêÌ. Äëÿ äâîõ ³íøèõ ñïî- ìêÌ. Äëÿ äâîõ ³íøèõ ñïî-ìêÌ. Äëÿ äâîõ ³íøèõ ñïî-
ëóê âîíî ñïîñòåð³ãàºòüñÿ ïðè á³ëüøèõ êîíöåíòðàö³ÿõ. Ñë³ä â³äì³òèòè, ùî 
S. àureus âèÿâèâ á³ëüø çíà÷íó ÷óòëèâ³ñòü äî ñïîëóêè I â ïîð³âíÿíí³ ç 
ãðàìíåãàòèâíèìè áàêòåð³ÿìè. Ïðîöåñ óòâîðåííÿ á³îïë³âêè ñòàô³ëîêîêîì 
ïðè ìàêñèìàëüí³é ç äîñë³äæåíèõ êîíöåíòðàö³é ö³º¿ ñïîëóêè ãàëüìóºòüñÿ 
ìàéæå ó 3 ðàçè, òîä³ ÿê ó ïñåâäîìîíàäè è ñàëüìîíåëè ëèøå óäâ³÷³. 

Íàéá³ëüø âèñîêà àêòèâí³ñòü ñïîëóê III ³ IV çàðåºñòðîâàíà ïðè ¿õ 
âèêîðèñòàíí³ ó êîíöåíòðàö³¿ 80 ìêÌ. Ïðè öüîìó ôîðìóâàííÿ á³îïë³âêè 
S. aureus ãàëüìóºòüñÿ ó 5,4 ðàçó, P. aeruginosa – ó 8,4 ðàçó, S. ånteritidis 
– ó 4,9 ðàçó.

Òàêèì ÷èíîì, îòðèìàí³ ðåçóëüòàòè, íà ïðèêëàä³ ïðèãí³÷åííÿ ïîõ³äíè-
ìè N-áåíçîò³àçîë-2-³ë-áåíçåíñóëüôîíàì³äó ïðîöåñó óòâîðåííÿ á³îïë³âêè, 
ïîêàçàëè, ùî ìîæëèâèì ìåõàí³çìîì ä³¿ öèõ ñïîëóê º âïëèâ íà ñèñòåìó 
quorum sensing. Äëÿ îñòàòî÷íîãî âèð³øåííÿ öüîãî ïèòàííÿ äîö³ëüíî 
âñòàíîâèòè çì³íè ó äîñë³äæóâàíèõ ì³êðîîðãàí³çì³â òàêîæ ³íøèõ âëàñòè-
âîñòåé, ùî êîíòðîëþþòüñÿ ö³ºþ ñèñòåìîþ.
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OÁÐÀÇÎÂÀÍÈÅ ÁÈÎÏËÅÍÊÈ STAPHYLOCOCCUS AUREUS, 
SALMONELLA ENTERITIDIS È PSEUDOMONAS 
AERUGINOSA Â ÏÐÈÑÓÒÑÒÂÈÈ ÏÐÎÈÇÂÎÄÍÛÕ 
N-ÁÅÍÇÎÒÈÀÇÎË-2-ÈË-ÁÅÍÇÅÍÑÓËÜÔÎÍÀÌÈÄÀ

Ðåôåðàò 

Ïîêàçàíî, ÷òî íàêîïëåíèå áèîìàññû Staphylococcus aureus, Salmonella 
enteritidis è Pseudomonas aeruginosa â ïëàíêòîííèõ êóëüòóðàõ è ôîð-
ìèðîâàíèå èìè áèîïëåíêè äîçî-çàâèñèìî óìåíüøàåòñÿ â ïðèñóòñòâèè 
N-áåíçîòèàçîë-2-èë-áåíçåíñóëüôîíàìèäà (ñîåäèíåíèå I) è åãî ïðîèçâîäíûõ 
ñ íóêëåîôèëüíûìè çàìåñòèòåëÿìè (ñîåäèíåíèÿ II, III è IV). Îáðàçîâàíèå 
áèîïëåíêè ñòàôèëîêîêêîì îäèíàêîâî ïîäàâëÿåòñÿ âñåìè ñîåäèíåíèÿìè 
íåçàâèñèìî îò èõ ñòðóêòóðû. Â òî æå âðåìÿ, àíàëîãè ñ íóêëåîôèëüíûìè 
çàìåñòèòåëÿìè áûëè áîëåå àêòèâíûìè ïî ñðàâíåíèþ ñ ñîåäèíåíèåì I â 
îòíîøåíèè ãðàìîòðèöàòåëüíûõ áàêòåðèé. Íàèáîëüøàÿ àêòèâíîñòü ñî-
åäèíåíèé III è IV çàðåãèñòðèðîâàíà ïðè êîíöåíòðàöèè 80 ìêÌ. Ïðè ýòîì 
ôîðìèðîâàíèå áèîïëåíêè S. aureus ïîäàâëÿåòñÿ â 5,4 ðàçà, P. aeruginosa 
– â 8,4 ðàçà, S. ånteritidis – â 4,9 ðàçà.

Ê ë þ ÷ å â û å  ñ ë î â à :  áèîïëåíêà, áèîìàññà ïëàíêòîíà,  
N-áåíçîòèàçîë-2-èë-áåíçåíñóëüôîíàìèä, ïðîèçâîäíûå ñ íóêëåîôèëüíûìè 
çàìåñòèòåëÿìè. 
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BIOFILM FORMATION OF STAPHYLOCOCCUS AUREUS, 
SALMONELLA ENTERITIDIS AND PSEUDOMONAS 

AERUGINOSA IN PRESENCE  
OF N-BENZOTIAZOL-2-YL-BENZENSULFONAMIDE 

DERIVATIVES

Summary

It was shown that the growth and biofilm formation of Staphylococcus 
aureus, Salmonella enteritidis and Pseudomonas aeruginosa decreased 
in the presence of N-benzotiazol-2-yl-benzensulfonamide (compound I) 
and its derivatives with nucleophylic radicals (compounds II, III and IV) in 
depending on a dose manner. The inhibitory effect of these compounds on 
S. aureus did not depend on their structures. At the same time, the deriva-
tives with nucleophylic radicals were more effective against gram-negative 
bacteria then compound I. Biofilm formation by S. aureus was inhibited 
by all the compounds and was not dependent on their structure. In the 
same time analogs with nucleophylic derivatives showed higher activity on 
gram-negetive bacteria biofilm instead compound I. The highest activity for 
compounds III and IV were detected in concentration of 80 mkM. In this 
case S. aureus biofilm was inhibited by the 5.4 times, P. aeruginosa – by 
8.4 times, S. ånteritidis – by 4.9 times. 

K e y  w o r d s :  biofilm, plankton biomass, N-benzotiazol-2-yl-
benzensulfonamide, derivatives with nucleophylic radicals.


