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Integrons ôÜîçò 1 óå åíôåñïâáêôçñéáêÜ
áðü êôçíïôñïöéêÞ ìïíÜäá, íïóïêïìåéáêïýò
êáé åîùíïóïêïìåéáêïýò áóèåíåßò

ÓÊÏÐÏÓ Ôá integrons ôÜîçò 1 åßíáé äïìÝò DNA ðïõ Ý÷ïõí ôç äõíáôüôçôá
íá åíóùìáôþíïõí ãïíéäéáêÝò êáóÝôåò áíôï÷Þò êáé íá óõíôåëïýí óôçí
ÝêöñáóÞ ôïõò. Ç ðáñïýóá ìåëÝôç åß÷å ùò óêïðü ôçí áíß÷íåõóç êáé ôç
óýãêñéóç ôùí integrons ôÜîçò 1 óå åíôåñïâáêôçñéáêÜ áðü êôçíïôñïöé-
êÞ ìïíÜäá, óå íïóïêïìåéáêïýò êáé åîùíïóïêïìåéáêïýò áóèåíåßò. ÕËÉ-
ÊÏ-ÌÅÈÏÄÏÓ ÌåëåôÞèçêáí 200 åíôåñïâáêôçñéáêÜ óôåëÝ÷ç áðü áóèå-
íåßò ìå ëïßìùîç Þ áðïéêéóìü, ðïõ åß÷áí áðïìïíùèåß óôï Méêñïâéïëïãéêü
EñãáóôÞñéï ôïõ «Ëáúêïý» Íïóïêïìåßïõ Áèçíþí óôï äéÜóôçìá ÌáÀïõ�
Íïåìâñßïõ 2003. Åêáôü ìéêñïïñãáíéóìïß ðñïÝñ÷ïíôáí áðü áóèåíåßò ìå
íïóçëåßá >72 þñåò, íïóïêïìåéáêÞ ðñïÝëåõóç (ÍÐ), êáé 100 áðü åîùôå-
ñéêïýò áóèåíåßò ðïõ äåí åß÷áí íïóçëåõôåß ãéá ôïõò ðñïçãïýìåíïõò 4
ìÞíåò, ðñïÝëåõóç êïéíüôçôáò (ÊÐ). ÐáñÜëëçëá, ìåëåôÞèçêáí êáé 57
åíôåñïâáêôçñéáêÜ óôåëÝ÷ç áðü æþá êôçíïôñïöéêþí ìïíÜäùí (ÊÌ). ¼ëïé
ïé ìéêñïïñãáíéóìïß ôõðïðïéÞèçêáí ìå ôï óýóôçìá API ID32E (bioMerieux)
êáé ïé åõáéóèçóßåò ôïõò ðñïóäéïñßóôçêáí ìå ôéò ìåèüäïõò äéÜ÷õóçò äß-
óêùí Kirby-Bauer êáé ìéêñïáñáéþóåùí óå æùìü MIC. H ðáñïõóßá integrons
åëÝã÷èçêå ìå åíßó÷õóç ôïõ ãïíéäßïõ ôçò integrase 1 êáé ôï ìÝãåèüò ôïõò
ìå åíßó÷õóç ôçò ìåôáâëçôÞò ðåñéï÷Þò. Ç ïìïéüôçôá ìåôáîý ôùí ìéêñï-
âßùí åîåôÜóôçêå ìå çëåêôñïöüñçóç óå ðáëëüìåíï ðåäßï ôïõ ãïíéäéþ-
ìáôüò ôïõò ìåôÜ áðü êáôÜôìçóç ìå XbaI êáé ç ïìïéüôçôá ìåôáîý ôùí
integrons ìåëåôÞèçêå ìå ðñïóäéïñéóìü ôçò íïõêëåïôéäéêÞò áëëçëïõ÷ßáò
ôùí ìåôáâëçôþí ðåñéï÷þí. ÁÐÏÔÅËÅÓÌÁÔÁ Ôï ðïóïóôü integron ôÜîçò 1
ãéá ôá óôåëÝ÷ç êôçíïôñïöéêþí ìïíÜäùí Þôáí 50,8%, åíþ ãéá ôá ìéêñü-
âéá áðü ôï íïóïêïìåßï êáé ôçí êïéíüôçôá Þôáí 21% êáé 11%, áíôßóôïé÷á.
Ôï ìÝãåèïò ôçò ìåôáâëçôÞò ðåñéï÷Þò ôùí integrons ÊÌ Þôáí 800�2500
bp, ôùí ÍÐ 600�3300 bp êáé ôùí ÊÐ 800�1500 bp. Ç óõ÷íüôçôá áíß÷íåõ-
óçò integron 1 ãéá ôá åõáßóèçôá óå üëá ôá áíôéâéïôéêÜ åíôåñïâáêôçñéáêÜ
Þôáí 0%, åíþ ãéá ôá ðïëõáíèåêôéêÜ 53,8%. Ïé ìåôáâëçôÝò ðåñéï÷Ýò ôñéþí
integrons ìåãÝèïõò 800 bp, ðïõ ðñïÞëèáí áðü ôñßá äéáöïñåôéêÜ óôåëÝ-
÷ç Å. coli íïóïêïìåéáêÞò, åîùíïóïêïìåéáêÞò êáé êôçíïôñïöéêÞò ðñïÝ-
ëåõóçò, ðåñéåß÷áí ôç ãïíéäéáêÞ êáóÝôá aadA1 ìå ôáõôüóçìç áêïëïõèßá
âÜóåùí êáé ïé ìåôáâëçôÝò ðåñéï÷Ýò ôñéþí integrons ìåãÝèïõò 1400 bp
áðü ôñßá äéáöïñåôéêÜ óôåëÝ÷ç E. coli íïóïêïìåéáêÞò, åîùíïóïêïìåéá-
êÞò êáé êôçíïôñïöéêÞò ðñïÝëåõóçò Þôáí ôáõôüóçìåò êáé ðåñéåß÷áí ôá
ãïíßäéá aadA êáé dfrI. ÓÕÌÐÅÑÁÓÌÁÔÁ Ôá óôåëÝ÷ç ÊÌ åß÷áí ôïí õøçëü-
ôåñï åðéðïëáóìü integrons 1. Ôá ìåãáëýôåñá ìåãÝèç ìåôáâëçôþí ðåñéï-
÷þí âñÝèçêáí óå óôåëÝ÷ç ÍÐ. Ïé öáéíüôõðïé áíôï÷Þò óõó÷åôßæïíôáí ìå
ôçí ðáñïõóßá integrons. Ðáíïìïéüôõðá integrons âñÝèçêáí óå äéáöïñå-
ôéêÜ åíôåñïâáêôçñéáêÜ óôåëÝ÷ç áíèñþðùí êáé æþùí, ãåãïíüò ðïõ õðï-
äçëþíåé üôé ãßíåôáé áíôáëëáãÞ ãåíåôéêïý õëéêïý ìåôáîý ôùí ðñïáíá-
öåñèÝíôùí ìéêñïâéáêþí ðëçèõóìþí ìÝóù ôçò ôñïöéêÞò áëõóßäáò.
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Ç áíÜðôõîç áíèåêôéêþí óôá áíôéâéïôéêÜ ìéêñïâßùí

êáé ç ôá÷åßá äéáóðïñÜ ôïõò óôï íïóïêïìåéáêü áëëÜ êáé

óôï åîùíïóïêïìåéáêü ðåñéâÜëëïí áðïôåëåß Ýíá óïâáñü

ðñüâëçìá, ðïõ äéáñêþò åðéäåéíþíåôáé êáé áðáó÷ïëåß

ôçí éáôñéêÞ êïéíüôçôá ðáãêïóìßùò. Ôá ôåëåõôáßá ÷ñü-

íéá, ðïëõáíèåêôéêÜ åíôåñïâáêôçñéáêÜ óôåëÝ÷ç áðïìï-

íþíïíôáé óõ÷íüôåñá, ãåãïíüò ðïõ äõó÷åñáßíåé ôçí áíôé-

ìéêñïâéáêÞ ÷çìåéïèåñáðåßá êáé áõîÜíåé ôï êüóôïò ôçò.1,2

ÐïëëÜ áðü ôá ãïíßäéá ðïõ ðñïóäßíïõí áíôï÷Þ óôá

áíôéâéïôéêÜ óôá Gram (-) âáêôçñßäéá óõóóùñåýïíôáé óå

integrons. Ôá integrons ìåôáöÝñïíôáé ìÝóù ðëáóìéäßùí

êáé ôñáíóðïæïíßùí êáé ëåéôïõñãïýí ùò óõóôÞìáôá ðá-

ãßäåõóçò êáé Ýêöñáóçò ãïíéäßùí.3 ÌÝ÷ñé óÞìåñá, Ý÷ïõí

ðåñéãñáöåß ôïõëÜ÷éóôïí 8 ôÜîåéò integrons.4 Óôá åíôå-

ñïâáêôçñéáêÜ ìéêñüâéá åðéêñáôåß ç ôÜîç 1. ÊÜèå integron

ôÜîçò 1 áðïôåëåßôáé áðü ôñßá ìÝñç: (á) 5´ óõíôçñçìÝíï

ôìÞìá (5´ Conserved Segment, CS), (â) ìåôáâëçôÞ ðå-

ñéï÷Þ, óôçí ïðïßá åíóùìáôþíïíôáé ãïíéäéáêÝò êáóÝôåò,

(ã) 3´ óõíôçñçìÝíï ôìÞìá (3´ Conserved Segment), ðïõ

ðåñéÝ÷åé ôï ãïíßäéï qacEÄ1 ãéá áíôï÷Þ óôéò åíþóåéò

ôïõ ôåôñáóèåíïýò áììùíßïõ, ôï ãïíßäéï sul1 ãéá áíôï÷Þ

óôéò óïõëöïíáìßäåò, êáé ôçí orf5 áëëçëïõ÷ßá, ç ëåé-

ôïõñãßá ôçò ïðïßáò äåí åßíáé ãíùóôÞ. Óôï 5´ CS õðÜñ-

÷åé (á) ôï ãïíßäéï intI1, ðïõ êùäéêïðïéåß ôçí éíôåãêñÜ-

óç, Ýíæõìï áíáóõíäõáóìïý, (â) ç åéäéêÞ èÝóç áíáóõí-

äõáóìïý attI êáé (ã) ï õðïêéíçôÞò ìåôáãñáöÞò P (åéê.

1). Ç éíôåãêñÜóç åîáóöáëßæåé ôïí áíáóõíäõáóìü ìåôá-

îý ôçò attI êáé ìéáò äåýôåñçò èÝóçò, ðïõ ëÝãåôáé attC (Þ

59be) êáé âñßóêåôáé óôç ãïíéäéáêÞ êáóÝôá. ¸ôóé, ôï

ãïíßäéï ôçò êáóÝôáò åíóùìáôþíåôáé óôï integron êáé

ìðïñåß íá ìåôáãñáöåß îåêéíþíôáò áðü ôïí õðïêéíçôÞ P

ôïõ 5´ CS. ¸÷ïõí áíåõñåèåß >60 ãïíéäéáêÝò êáóÝôåò,

ðïõ ó÷åôßæïíôáé ìå áíôï÷Þ óå áìéíïãëõêïóßäåò, ðåíéêé-

ëßíåò, êåöáëïóðïñßíåò, êáñâáðåíÝìåò, ôñéìåèïðñßìç, ÷ëù-

ñáìöáéíéêüëç, ñéöáìðéêßíç, åñõèñïìõêßíç, åíþóåéò ôå-

ôñáóèåíïýò áììùíßïõ êáé êéíïëüíåò. ÊÜèå ãïíéäéáêÞ

êáóÝôá, ðñéí áðü ôçí åíóùìÜôùóÞ ôçò, åßíáé Ýíá êéíçôü,

êõêëéêü ìüñéï DNA, ðïõ ðåñéÝ÷åé ôçí áëëçëïõ÷ßá attC

êáé Ýíá ãïíßäéï äß÷ùò õðïêéíçôÞ ìåôáãñáöÞò (ó’ áõôÞ

ôç ìïñöÞ ç ãïíéäéáêÞ ðëçñïöïñßá äåí ìðïñåß íá åê-

öñáóôåß).5–7

ÌÝ÷ñé óÞìåñá Ý÷ïõí äçìïóéåõôåß áñêåôÝò ìåëÝôåò

áíß÷íåõóçò integron óå êëéíéêÜ óôåëÝ÷ç åíôåñïâáêôç-

ñéáêþí^ ðáñüëá áõôÜ, óôçí ðáñïýóá âéâëéïãñáößá äåí

õðÜñ÷åé ìåëÝôç ðïõ íá åñåõíÜ ôáõôü÷ñïíá ôá integrons

óå ìéêñüâéá íïóïêïìåéáêÞò, åîùíïóïêïìåéáêÞò êáé æùé-

êÞò ðñïÝëåõóçò. Ç äéáêßíçóç ôùí áóèåíþí áðü ôï íï-

óïêïìåéáêü óôï åîùíïóïêïìåéáêü ðåñéâÜëëïí ïäçãåß

óôçí áíôáëëáãÞ ìéêñïâßùí ìåôáîý äéáöïñåôéêþí ðëç-

èõóìþí êáé óôçí áíôáëëáãÞ ãåíåôéêïý õëéêïý ìåôáîý

ôùí ìéêñïâßùí. ÅðéðëÝïí, ìÝóù ôçò ôñïöéêÞò áëõóßäáò

åßíáé ðéèáíüí íá äéáêéíïýíôáé áíèåêôéêïß ìéêñïïñãáíé-

óìïß êáé íá äéáóðåßñïíôáé óå õãéÞ Üôïìá êáé áóèåíåßò.

Ïé áëëçëåðéäñÜóåéò áõôïý ôïõ åßäïõò ìåôáîý ìéêñïâßïõ/

áóèåíïýò êáé ìéêñïâßïõ/ìéêñïâßïõ êáé ç äõíáìéêÞ ôçò

äéáóðïñÜò ôçò ìéêñïâéáêÞò áíôï÷Þò óå äéÜöïñåò ðëç-

èõóìéáêÝò ïìÜäåò äåí Ý÷ïõí ìåëåôçèåß åðáñêþò, ôüóï

óôï äéåèíÝò åðßðåäï üóï êáé óôç ÷þñá ìáò. Ç ìåëÝôç

äéáóðïñÜò ôçò áíôï÷Þò ìÝóù integrons óå äéÜöïñïõò

ìéêñïâéáêïýò ðëçèõóìïýò ìéáò áóôéêÞò ðåñéï÷Þò (Áôôé-

êÞ) èá äþóåé óçìáíôéêÝò ðëçñïöïñßåò êáé èá áðïôåëÝ-

óåé ôç âÜóç ãéá ôçí êáôáíüçóç êáé ôçí ðåñáéôÝñù áíôé-

ìåôþðéóç ôïõ ðñïâëÞìáôïò.

ÕËÉÊÏ ÊÁÉ ÌÅÈÏÄÏÓ

Ìéêñïïñãáíéóìïß

MåëåôÞèçêáí ôñåéò äéáöïñåôéêïß ðëçèõóìïß åíôåñïâáêôç-

ñéáêþí. Ï ðñþôïò áðïôåëåßôï áðü óôåëÝ÷ç íïóïêïìåéáêÞò

ëïßìùîçò Þ áðïéêéóìïý, ðïõ óõëëÝ÷èçêáí ôõ÷áßá áðü áóèå-

íåßò íïóçëåõüìåíïõò óôï «Ëáúêü» Íïóïêïìåßï Áèçíþí (ïé

áóèåíåßò íïóçëåýïíôáí ãéá >72 þñåò). Ï äåýôåñïò ìéêñïâéá-

êüò ðëçèõóìüò áðáñôéæüôáí áðü åíôåñïâáêôçñéáêÜ ðïõ áðï-

5’ óõíôçñçìÝíï
ôìÞìá

ÌåôáâëçôÞ
ðåñéï÷Þ

3’ óõíôçñçìÝíï
ôìÞìá

qacEÄÉ

intI1 aadA1 sul1 orf5

attI1 attC

500-bp

IntI1

ÃïíéäéáêÞ êáóÝôá
aadA1

qacEÄÉ

intI1 sul1 orf5

Åéêüíá 1. ÅíóùìÜôùóç ãïíéäéáêÞò êáóÝôáò óå integron 1.
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ìïíþèçêáí áðü åîùôåñéêïýò áóèåíåßò ôïõ ßäéïõ íïóïêïìåßïõ

(ïé áóèåíåßò äåí åß÷áí íïóçëåõôåß óå íïóïêïìåßï ôïõò ôåëåõ-

ôáßïõò 4 ìÞíåò ðñéí áðü ôç ëïßìùîç êáé äåí Þôáí áíïóïêáôá-

óôáëìÝíïé). Ï ôñßôïò ðëçèõóìüò ðåñéåëÜìâáíå óôåëÝ÷ç áðü

ôõ÷áßåò äåéãìáôïëçøßåò ìåôÜ áðü ôç óöáãÞ æþùí êôçíïôñïöé-

êþí ìïíÜäùí ðñéí áðü ôç äéáíïìÞ ðñïò êáôáíÜëùóç (ðïõëå-

ñéêÜ êáé âïïåéäÞ). Ç óõëëïãÞ ôùí ìéêñïâßùí Ýãéíå ôçí ðåñßï-

äï ÌáÀïõ–Íïåìâñßïõ 2003.

Ôáõôïðïßçóç êáé ðñïóäéïñéóìüò åõáéóèçóßáò

Ôá óôåëÝ÷ç ôáõôïðïéÞèçêáí ìå ôç ÷ñÞóç ôïõ mini-API

(bioMerieux), óýóôçìá ID32Å ãéá åíôåñïâáêôçñéáêÜ. Ï Ýëåã-

÷ïò ðïéüôçôáò Ýãéíå ìå ôá ðñüôõðá óôåëÝ÷ç Å. coli ATCC 35218,

E. coli ATCC 25922 êáé P. mirabilis ATCC 43071. O ðñïóäéï-

ñéóìüò ôçò åõáéóèçóßáò óå áìðéêéëßíç, áìðéêéëßíç-óïõëìðáêôÜìç,

áìïîéêéëßíç-êëáâïõëáíéêü ïîý, ðéðåñáêéëßíç, ôéêáñêéëßíç-êëá-

âïõëáíéêü ïîý, ðéðåñáêéëßíç-ôáæïìðáêôÜìç, êåöïîéôßíç, êåöá-

ëïèßíç, êåöïõñïîßìç, êåöïôáîßìç, êåöôñéáîüíç, êåöôáæéäßìç,

êåöåðßìç, êåöïôáîßìç-êëáâïõëáíéêü ïîý, êåöôáæéäßìç-êëáâïõ-

ëáíéêü ïîý, ìåñïðåíÝìç, éìéðåíÝìç, ãåíôáìéêßíç, ôïìðñáìõêß-

íç, íåôéëìéêßíç, áìéêáóßíç, áæôñåïíÜìç, êïôñéìïîáæüëç, óéðñï-

öëïîáóßíç Ýãéíå ìå ôç ìÝèïäï äéÜ÷õóçò äßóêùí êáôÜ Kirby-

Bauer êáé ìå ôç ìÝèïäï ìéêñïáñáéþóåùí óå æùìü MIC óýì-

öùíá ìå ôéò ïäçãßåò ôïõ NCCLS.

ÁëõóéäùôÞ áíôßäñáóç ðïëõìåñÜóçò (PCR)

Ç åê÷ýëéóç DNA Ýãéíå ìå ÷ñÞóç ôïõ QIAamp DNA Mini

Kit ôçò QIAGEN, West Sussex, UK, óýìöùíá ìå ôéò ïäçãßåò

ôïõ êáôáóêåõáóôÞ. Ç áíß÷íåõóç ôùí integrons 1 Ýãéíå ìå åíß-

ó÷õóç ôìÞìáôïò ôïõ ãïíéäßïõ IntI1, ðïõ êùäéêïðïéåß ôçí é-

íôåãêñÜóç 1, GenBank Ío M73819.8 Ïé åêêéíçôÝò Þôáí Ént1F

(5´-TCTCGGGTAACATCAAGG-3´) êáé Int1R (5´-AGGAGA

TCGGAAGACCTC-3´) êáé ôï ðñïúüí åß÷å ìÝãåèïò 243 bp. To

ìÝãåèïò ôùí integrons ðñïóäéïñßóôçêå ìå åíßó÷õóç ôçò ìåôá-

âëçôÞò ðåñéï÷Þò ìå ôïõò åêêéíçôÝò PA5CS: 5´-GGCATCC

AAGCAGCAAG-3´ êáé P3CS: 5´-AAGCAGACTTGACCTGA-

3´ áðü ôéò 5´ CS êáé 3´ CS ðåñéï÷Ýò, áíôßóôïé÷á. Ôï ìßãìá ôçò

áëõóéäùôÞò áíôßäñáóçò ðïëõìåñÜóçò (PCR) åß÷å óõíïëéêü üãêï

50 ìL (DNA óå ñõèìéóôéêü äéÜëõìá ÁÅ: 5 ìL). Ïé óõãêåíôñþ-

óåéò ãéá ôçí PCR Þôáí: dNTPs 200 ìM, MgCl2 1,5 mM, åêêé-

íçôÝò 2 ìM, Taq polymerase Qiagen 1,25 U/50 ìL. Ôá äåßã-

ìáôá õðïâëÞèçêáí áñ÷éêÜ óå áðïäéÜôáîç DNA (hot start) óå

94 °C ãéá 3 min êáé óôç óõíÝ÷åéá óå 30 êýêëïõò, ðïõ ï

êáèÝíáò óõíßóôáôï óå (á) áðïäéÜôáîç óå 94 °C ãéá 1 min, (â)

õâñéäéóìü óå 55 °C ãéá 1 min, (ã) åðéìÞêõíóç óå 72 °C ãéá 5

min. Ôá ðñïúüíôá ôçò PCR ãéá ôï ãïíßäéï IntI1 çëåêôñïöïñÞ-

èçêáí óå 100 V ãéá 60 min óå ãÝëç áãáñüæçò 2% ìå âñù-

ìéïý÷ï áéèßäéï êáé ñõèìéóôéêü äéÜëõìá 1XTBE. Tá ðñïúüíôá

ôùí ìåôáâëçôþí ðåñéï÷þí çëåêôñïöïñÞèçêáí óå 80 V ãéá 90

min óå ãÝëç áãáñüæçò 1% ìå âñùìéïý÷ï áéèßäéï êáé ñõèìéóôé-

êü äéÜëõìá 1XÔÂÅ.

Ðñïóäéïñéóìüò íïõêëåïôéäéêÞò áëëçëïõ÷ßáò DNA
(sequencing)

Ðñïóäéïñßóôçêå ç áëëçëïõ÷ßá íïõêëåïôéäßùí ôçò ìåôáâëç-

ôÞò ðåñéï÷Þò 3 integrons ìåãÝèïõò 800 bp, ðïõ åß÷áí ðñïÝë-

èåé áðü ôñßá óôåëÝ÷ç E. coli íïóïêïìåéáêÞò, åîùíïóïêïìåéá-

êÞò êáé êôçíïôñïöéêÞò ðñïÝëåõóçò, êáé 3 integrons ìåãÝèïõò

1400 bp áðü 3 óôåëÝ÷ç E. coli íïóïêïìåéáêÞò, åîùíïóïêï-

ìåéáêÞò êáé êôçíïôñïöéêÞò ðñïÝëåõóçò. Áñ÷éêÜ, êáèáñßóôçêå

ôï ðñïúüí ôçò PCR áðü ôç ãÝëç áãáñüæçò ìå ôï QIAquick Gel

Extraction Kit, QIAGEN, W. Sussex, UK. To ðñïúüí åíóùìáôþ-

èçêå ìå áíôßäñáóç ëéãêÜóçò óôï öïñÝá êëùíïðïßçóçò pDrive

Cloning Vector (QIAGEN Cloning Kit) êáé Ýãéíå ìåôáó÷çìáôé-

óìüò éêáíþí êõôôÜñùí (Å. coli) ìå ôïí áíáóõíäõáóìÝíï öïñÝá.

Ôá ãåíåôéêÜ ôñïðïðïéçìÝíá êýôôáñá êáëëéåñãÞèçêáí óå ôñõ-

âëßá Luria-Bertani ìå X-Gal, IPTG êáé áìðéêéëßíç (ïé ëåõêÝò

áðïéêßåò ðåñéåß÷áí ôï ðëáóìßäéï êëùíïðïßçóçò). Óôç óõíÝ÷åéá,

Ýãéíå åê÷ýëéóç ôïõ áíáóõíäõáóìÝíïõ ðëáóìéäßïõ (QIAGEN

Plasmid Mini Kit) êáé ðñïóäéïñéóìüò ôçò áëëçëïõ÷ßáò íïõêëåï-

ôéäßùí ôçò ìåôáâëçôÞò ðåñéï÷Þò áðü ôï åñãáóôÞñéï Lark Techno-

logies, Essex, UK. Ç åðåîåñãáóßá ôùí áðïôåëåóìÜôùí Ýãéíå

óôç äéáäéêôõáêÞ äéåýèõíóç www.ebi.ac.uk ôïõ European Bioin-

formatics Institute ìå ôç âïÞèåéá ôïõ ðñïãñÜììáôïò WU-Blast2.

Hëåêôñïöüñçóç ðáëëüìåíïõ ðåäßïõ (PFGE)

¸ãéíå çëåêôñïöüñçóç ðáëëüìåíïõ ðåäßïõ óôï ãïíéäßùìá

ôùí 6 óôåëå÷þí Å. coli ðïõ Ýöåñáí integrons ìå êïéíÝò áëëç-

ëïõ÷ßåò. Ç äéáäéêáóßá ðïõ áêïëïõèÞèçêå Ý÷åé ó÷åäéáóôåß áðü

ôï CDC9 êáé ðåñéåëÜìâáíå ôç ëýóç ôùí êõôôÜñùí in situ óå

ãÝëç áãáñüæçò êáé ôçí ðÝøç ôïõ ãïíéäéþìáôïò áðü ôï ðåñéï-

ñéóôéêü Ýíæõìï XbaI. Óôç óõíÝ÷åéá, Ýãéíå çëåêôñïöüñçóç ôùí

ðñïúüíôùí ôçò ðÝøçò ìå ôï óýóôçìá CHEF III ìå óõíèÞêåò:

initial switch time 2,2 sec, final switch time 54,2 sec, óõíïëéêü

÷ñüíï 19 þñåò, ãùíßá 120°, ôÜóç 6 V/cm, èåñìïêñáóßá 14 °C.

ÁÐÏÔÅËÅÓÌÁÔÁ

ÌåëåôÞèçêáí 100 åíôåñïâáêôçñéáêÜ íïóïêïìåéáêÞò

ðñïÝëåõóçò, 100 êïéíüôçôáò êáé 57 êôçíïôñïöéêÜ. Óôïí

ðßíáêá 1 áðåéêïíßæïíôáé ôá åßäç ôùí óôåëå÷þí, ïé èåôé-

êïß óå integrons ìéêñïïñãáíéóìïß êáé ôá ìåãÝèç ôùí

ìåôáâëçôþí ðåñéï÷þí. Áðü ôá 100 íïóïêïìåéáêÜ ìé-

êñüâéá, ôá 21 Þôáí PCR-èåôéêÜ ãéá ôï ãïíßäéï ôçò é-

íôåãêñÜóçò 1. ÁíáëõôéêÜ, ç óõ÷íüôçôá áíß÷íåõóçò ÉntI1

áíÜ åßäïò íïóïêïìåéáêïý ìéêñïâßïõ Þôáí: E. coli 26,4%

(14/53), K. pneumoniae 14,3% (3/21), P. mirabilis 20%

(2/10), E. cloacae 25% (2/8). Ãéá ôá åíôåñïâáêôçñéáêÜ

êïéíüôçôáò ï åðéðïëáóìüò integron 1 Þôáí 11% (11/

100) êáé ãéá ôçí E. coli êïéíüôçôáò 11,2% (10/89), åíþ

ãéá ôá ìéêñüâéá áðü æþá êôçíïôñïöéêþí ìïíÜäùí ôï

ðïóïóôü IntI1-èåôéêþí Þôáí 50,8% (29/57) êáé åéäéêÜ
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ãéá ôçí Å. coli 52,8% (28/53). Ç ðáñïõóßá IntI1 åß÷å

éó÷õñÞ óõó÷Ýôéóç ìå ôï öáéíüôõðï áíôï÷Þò. ÁíÜìåóá

óôá óôåëÝ÷ç ðïõ Þôáí åõáßóèçôá êáé óôéò ôÝóóåñéò ïìÜ-

äåò áíôéâéïôéêþí (â-ëáêôáìéêÜ, áìéíïãëõêïóßäåò, êéíï-

ëüíåò êáé êïôñéìïîáæüëç) äåí áíé÷íåýôçêáí integrons,

åíþ óôá ðïëõáíèåêôéêÜ (áíôï÷Þ óå >2 ïìÜäåò áíôéâéï-

ôéêþí) ï åðéðïëáóìüò IntI1 Þôáí 53,8% (åéê. 2). Ðáñï-

ìïßùò, áðü ôá 103 åíôåñïâáêôçñéáêÜ ðïõ Þôáí áíèåêôé-

êÜ óôçí êïôñéìïîáæüëç, ôá 53 ðåñéåß÷áí integron (51,4%),

åíþ ìüíï ôï 5,1% ôùí óôåëå÷þí ðïõ Þôáí åõáßóèçôá

óôï áíôéâéïôéêü áõôü ðåñéåß÷áí integrons (Ñ<0,001).

Ïé ìåôáâëçôÝò ðåñéï÷Ýò ôùí íïóïêïìåéáêþí óôåëå-

÷þí åß÷áí ìåãÝèç áðü 600–3300 bp (åéê. 3). ÁíÜìåóá

ó’ áõôÜ õðÞñ÷áí êáé 3 ìéêñüâéá ðïõ åß÷áí áðü äýï

integrons: E. cloacae (1400 bp, 3300 bp), P. mirabilis

(1400 bp, 3300 bp), Ê. pneumoniae (800 bp, 1400 bp).

Ãéá ôá åíôåñïâáêôçñéáêÜ êïéíüôçôáò, ç åíßó÷õóç ôùí

ìåôáâëçôþí ðåñéï÷þí åß÷å ùò áðïôÝëåóìá ôïí õðïëïãé-

óìü ìåãåèþí áðü 800–1500 bp, åíþ ôï ìïíáäéêü IntI1-

èåôéêü óôÝëå÷ïò K. pneumoniae êïéíüôçôáò äåí Ýäùóå

êÜðïéá ìåôáâëçôÞ ðåñéï÷Þ (Ýãéíå Ýëåã÷ïò ìå äýï æåýãç

åêêéíçôþí PA5CS/P3CS, Int1F/P3CS) êáé ðéèáíüí íá

Ý÷åé ôñïðïðïéçìÝíï 3´ óõíôçñçìÝíï ôìÞìá Þ ßóùò íá

ëåßðåé áõôü ôï ôìÞìá. Ïé ìåôáâëçôÝò ðåñéï÷Ýò áíÜìåóá

óôá óôåëÝ÷ç ôùí êôçíïôñïöéêþí ìïíÜäùí åß÷áí ìåãÝ-

èç áðü 800–2500 bp, óå Ýíá óôÝëå÷ïò Å. coli áíé÷íåý-

èçêáí äýï æåýãç ìåôáâëçôþí ðåñéï÷þí (800 bp, 1400

Ðßíáêáò 1. Åßäç ìéêñïïñãáíéóìþí, óõ÷íüôçôá áíß÷íåõóçò integrons 1
êáé ìåãÝèç ìåôáâëçôÞò ðåñéï÷Þò.

Méêñïïñãáíéóìïß íïóïêïìåéáêÞò ðñïÝëåõóçò

Åßäïò Áñéèìüò Ðáñïõóßá ÌÝãåèïò

óôåëå÷þí integrons 1 ìåôáâëçôÞò
(n) ðåñéï÷Þò (bp)

E. coli 53 14 600, 800, 1400,
1500, 1800

K. pneumoniae 21 3 800, 1400

P. mirabilis 10 2 1400, 3300

E. cloacae 8 2 800, 1400, 3300

E. aerogenes 4 0 –

M. morgannii 1 0 –

K. oxytoca 1 0 –

C. koseri 1 0 –

S. marcescens 1 0 –

Óýíïëï 100 21

Ìéêñïïñãáíéóìïß êïéíüôçôáò

E. coli 89 10 800, 1400, 1500

P. mirabilis 6 0 –

K. pneumoniae 4  1* –

E. aerogenes 1 0 –

Óýíïëï 100 11

Ìéêñïïñãáíéóìïß êôçíïôñïöéêþí ìïíÜäùí

E. coli 53 28 800, 1100, 1400,
1700, 2500

P. mirabilis 2 0 –

Salmonella sp 1 1 1400

E. sakazaki 1 0 –

Óýíïëï 57 29

* Ç áëõóéäùôÞ áíôßäñáóç ðïëõìåñÜóçò äåí åíßó÷õóå ôç ìåôáâëçôÞ ðåñéï÷Þ

Åéêüíá 3. Çëåêôñïöüñçóç ìåôáâëçôþí ðåñéï÷þí integrons 1 óå ãÝëç

áãáñüæçò 1%.

L: Êëßìáêá (500–6000 bp). ÓôÞëåò 1–10: ÌåôáâëçôÝò ðåñéï÷Ýò íïóïêï-

ìåéáêþí óôåëå÷þí.

11: Áñíçôéêüò ìÜñôõñáò. 12: Èåôéêüò ìÜñôõñáò.

Ôá ðñáãìáôéêÜ ìåãÝèç ôùí ìåôáâëçôþí ðåñéï÷þí åßíáé 200 bp ìéêñüôå-

ñá áðü áõôÜ ðïõ áðåéêïíßæïíôáé, ãéáôß ïé åêêéíçôÝò PA5CS êáé P3CS

âñßóêïíôáé óôá óõíôçñçìÝíá ôìÞìáôá.

Åéêüíá 2. Ðïóïóôü áíåýñåóçò integrons 1 óå åíôåñïâáêôçñéáêÜ óôåëÝ-

÷ç óýìöùíá ìå ôçí áíôï÷Þ óå ïìÜäåò áíôéâéïôéêþí.
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ðåñéóóüôåñùí ãïíéäéáêþí êáóåôþí) âñÝèçêáí óå íïóï-

êïìåéáêÜ êáé êôçíïôñïöéêÜ óôåëÝ÷ç, ðéèáíüí ëüãù ìå-

ãáëýôåñçò ðßåóçò åðéëïãÞò áðü ôçí áõîçìÝíç êáôáíÜ-

ëùóç áíôéâéïôéêþí óôïõò ÷þñïõò áõôïýò. Ï ðñïóäéïñé-

óìüò ôçò áëëçëïõ÷ßáò íïõêëåïôéäßùí ôùí ìåôáâëçôþí

ðåñéï÷þí Ýäåéîå üôé integrons 1 áðü ìéêñïïñãáíéóìïýò

êôçíïôñïöéêÞò êáé áíèñþðéíçò ðñïÝëåõóçò ðåñéÝ÷ïõí

ðáíïìïéüôõðá ãïíßäéá. Ç áíåýñåóç ôáõôüóçìùí inte-

grons óå öõëïãåíåôéêÜ äéáöïñåôéêïýò ìéêñïïñãáíéóìïýò

õðïäçëþíåé üôé ãßíåôáé äéáêßíçóç ãåíåôéêïý õëéêïý ìå-

ôáîý ôùí ðñïáíáöåñèÝíôùí ìéêñïâéáêþí ðëçèõóìþí.

Óõíåðþò, ïé ðñïóðÜèåéåò ãéá ðåñéïñéóìÝíç êáé ïñèïëï-

ãéêÞ ÷ñÞóç ôùí áíôéâéïôéêþí óôï íïóïêïìåéáêü ðåñé-

âÜëëïí, ãéá íá åßíáé áðïôåëåóìáôéêÝò, ðñÝðåé íá óõíäõ-

Üæïíôáé êáé ìå áíÜëïãç ðïëéôéêÞ óôéò êôçíïôñïöéêÝò

ìïíÜäåò.

Áðü ôçí ðáñïýóá Ýñåõíá öáßíåôáé üôé ôá êôçíïôñïöé-

êÜ åíôåñïâáêôçñéáêÜ áðïôåëïýí äåîáìåíÞ integrons 1

êáé êáô’ åðÝêôáóç äåîáìåíÞ ãïíéäßùí áíôï÷Þò. EÜí ëç-

öèåß õðüøç üôé ïé äïìÝò áõôÝò Ý÷ïõí ôçí éêáíüôçôá íá

ðáãéäåýïõí ãïíéäéáêÝò êáóÝôåò áíôï÷Þò êáé íá ôéò åê-

öñÜæïõí, ôá ìéêñüâéá ðïõ öÝñïõí integrons èá ìðïñïý-

óáí êÜôù áðü óõíèÞêåò áíôéìéêñïâéáêÞò ðßåóçò íá åí-

óùìáôþóïõí áêüìç ðåñéóóüôåñá ãïíßäéá áíôï÷Þò (öáé-

íüìåíï ìÜëëïí óðÜíéï).10 Èá ðñÝðåé íá óçìåéùèåß üôé

ôá ôåëåõôáßá ÷ñüíéá áíé÷íåýïíôáé äéáñêþò íÝåò ãïíé-

äéáêÝò êáóÝôåò, üðùò áõôÝò ðïõ ðñïóäßäïõí áíôï÷Þ

óôéò êéíïëüíåò êáé óôá íåüôåñá â-ëáêôáìéêÜ ìå äõíáôü-

ôçôá åíóùìÜôùóçò óå integrons.11,12 Ç ðáñïõóßá integrons

óõó÷åôßæåôáé ìå ôïí ðïëõáíèåêôéêü öáéíüôõðï, ü÷é ìüíï

ëüãù ôùí ãïíéäéáêþí êáóåôþí ðïõ åìðåñéÝ÷ïíôáé óôá

integrons, áëëÜ êáé ëüãù ôïõ üôé ïé öïñåßò ôùí integrons,

ôá ðëáóìßäéá êáé ôá ôñáíóðïæüíéá, óõììåôáöÝñïõí êáé

Üëëá ãïíßäéá áíôï÷Þò. Ç óõììåôáöïñÜ ðïëëáðëþí

ãïíéäßùí áíôï÷Þò áðü ôÝôïéåò êéíçôÝò íïõêëåïôéäéêÝò

äïìÝò ìðïñåß íá ïäçãÞóåé óå ìåôáâßâáóç ðïëõáíôï÷Þò

áðü ìéêñüâéï óå ìéêñüâéï, áêüìç êáé åÜí ç ðßåóç åðéëï-

ãÞò ðñïÝñ÷åôáé áðü Ýíá áíôéâéïôéêü.13

Ôá ôåëåõôáßá ÷ñüíéá, ç ÷áñôïãñÜöçóç ôïõ ãïíéäéþ-

ìáôïò ôùí ìéêñïâßùí Ý÷åé áðïêáëýøåé ôç óçìáóßá ôçò

ïñéæüíôéáò ìåôáöïñÜò ãåíåôéêïý õëéêïý. ¸÷åé áðïäåé÷-

èåß üôé Ýùò êáé 20% ôùí ãïíéäßùí åíüò óôåëÝ÷ïõò ìðï-

ñåß íá äéáöÝñïõí öõëïãåíåôéêÜ, Ýíäåéîç üôé áðïêôÞèç-

êáí ìå ïñéæüíôéá ìåôáöïñÜ áðü Üëëï ãÝíïò Þ åßäïò

ìéêñïâßïõ. Ïé íïõêëåïôéäéêÝò äïìÝò ðïõ ó÷åôßæïíôáé ìå

áõôü ôï öáéíüìåíï åßíáé ðïëëÝò (öÜãïé, ðëáóìßäéá, ôñáí-

óðïæüíéá, integrons, ãïíéäéáêÝò íçóßäåò ê.ëð.).14 Ç ìå-

ëÝôç ôçò ëåéôïõñãßáò ôùí ãåíåôéêþí äïìþí ðëÜãéáò

ìåôáöïñÜò Ý÷åé ìåãÜëç óçìáóßá, ãéáôß ìðïñåß íá âïç-

bp) êáé óå Ýíá E. coli ôñåéò ìåôáâëçôÝò ðåñéï÷Ýò (800

bp, 1100 bp, 1700 bp). Êáé ãéá ôéò ôñåéò óõëëïãÝò

åíôåñïâáêôçñéáêþí, ôá ðëÝïí óõ÷íÜ ìåãÝèç ìåôáâëç-

ôþí ðåñéï÷þí Þôáí 1400 bp êáé 800 bp. ÌåôÜ áðü

ðñïóäéïñéóìü ôçò áëëçëïõ÷ßáò ôùí íïõêëåïôéäßùí ôùí

ìåôáâëçôþí ðåñéï÷þí ôñéþí integrons ìåãÝèïõò 800 bp

(ðïõ ðñïÝñ÷ïíôáí áðü ôñßá óôåëÝ÷ç Å. coli íïóïêïìåéá-

êÞò, åîùíïóïêïìåéáêÞò êáé êôçíïôñïöéêÞò ðñïÝëåõóçò),

âñÝèçêå êáé óôá ôñßá ç ãïíéäéáêÞ êáóÝôá aadA1 ìå

ôáõôüóçìç áêïëïõèßá. Ðáñïìïßùò, ïé ìåôáâëçôÝò ðåñéï-

÷Ýò ôñéþí integrons ìåãÝèïõò 1400 bp áðü ôñßá óôåëÝ-

÷ç E. coli íïóïêïìåéáêÞò, åîùíïóïêïìåéáêÞò êáé êôçíï-

ôñïöéêÞò ðñïÝëåõóçò Þôáí ôáõôüóçìåò êáé ðåñéåß÷áí ôá

ãïíßäéá aadA êáé dfrI. Óôïí ðßíáêá 2 áðåéêïíßæïíôáé ôá

áðïôåëÝóìáôá áíÜëõóçò ôçò íïõêëåïôéäéêÞò áëëçëïõ-

÷ßáò ôùí ìåôáâëçôþí ðåñéï÷þí. Ç çëåêôñïöüñçóç ðáë-

ëüìåíïõ ðåäßïõ ôùí ãïíéäéùìÜôùí ôùí E. coli ðïõ Ýöå-

ñáí êïéíÜ integrons Ýäåéîå üôé åðñüêåéôï ãéá äéáöïñåôé-

êÜ óôåëÝ÷ç.

ÓÕÆÇÔÇÓÇ

Ôá åõñÞìáôá ôçò ìåëÝôçò áõôÞò äßíïõí óçìáíôéêÝò

ðëçñïöïñßåò ãéá ôçí ðáñïõóßá integrons óå ôñåéò äéá-

öïñåôéêïýò ìéêñïâéáêïýò ðëçèõóìïýò, íïóïêïìåéáêÞò,

åîùíïóïêïìåéáêÞò êáé æùéêÞò ðñïÝëåõóçò, êáèþò êáé

ãéá ôç óçìáóßá ôùí äïìþí áõôþí óôç äçìéïõñãßá ðïëõ-

áíèåêôéêþí ìéêñïâßùí êáé ôçí ðéèáíÞ äéáóðïñÜ ôïõò

ìÝóù ôçò ôñïöéêÞò áëõóßäáò.

H óõ÷íüôçôá integron 1 óôá åíôåñïâáêôçñéáêÜ êôç-

íïôñïöéêÞò ìïíÜäáò Þôáí ðïëý õøçëüôåñç áð’ ü,ôé óôï

íïóïêïìåßï êáé ôçí êïéíüôçôá (50,8%, 21%, 11%, áíôß-

óôïé÷á). Ìåãáëýôåñá óå ìÝãåèïò integrons (Ýíäåéîç

Ðßíáêáò 2. ÌåãÝèç ìåôáâëçôÞò ðåñéï÷Þò êáé ãïíéäéáêÝò êáóÝôåò
integrons 1 óôåëå÷þí E. coli, íïóïêïìåéáêÞò, åîùíïóïêïìåéáêÞò êáé
êôçíïôñïöéêÞò ðñïÝëåõóçò.

ÐñïÝëåõóç Åßäïò ÌÝãåèïò ÃïíéäéáêÝò

ìåôáâëçôÞò êáóÝôåò

ðåñéï÷Þò (bp)

Íïóïêïìåßï E. coli 800 aadA1

Êïéíüôçôá E. coli 800 aadA1

ÊôçíïôñïöéêÞ E. coli 800 aadA1
ìïíÜäá

Íïóïêïìåßï E. coli 1400 aadA, dfrI

Êïéíüôçôá E. coli 1400 aadA, dfrI

ÊôçíïôñïöéêÞ E. coli 1400 aadA, dfrI
ìïíÜäá
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èÞóåé óôçí êáôáíüçóç ôùí ìç÷áíéóìþí äéáóðïñÜò ôçò

ìéêñïâéáêÞò áíôï÷Þò óôï ðåñéâÜëëïí ðïõ æïýìå. Ç ãíþóç

ôùí ðáñáãüíôùí ðïõ óõíôåëïýí óôçí åîÜðëùóç ôùí

ãïíéäßùí áíôï÷Þò èá ïäçãÞóåé óôç ëÞøç êáôÜëëçëùí

ìÝôñùí ãéá ôçí áíôéìåôþðéóç ôïõ óïâáñïý áõôïý ðñï-

âëÞìáôïò.
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................................................................................................................................................................................

Class 1 integrons in Enterobacteriaceae from farm animals, hospitalized and non-hospitalized
patients

A. VASILAKOPOULOU,1,2 G.L. DAIKOS,1 L.S. TZOUVELEKIS,3 C. KOSMIDIS,1 E. CHARVALOS,4 M. PASIOTOU,5
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1“G.K. Daikos” Infectious Diseases Research Laboratory, 1st Department of Propedeutic Medicine,

Medical School of Athens, Athens, 2Department of Clinical Microbiology, “Laikon” General Hospital,

Athens, 3Department of Microbiology, Medical School of Athens, 4Technological Institution of Athens,
5Veterinary Laboratory of Chalkida, Chalkida, Greece

Archives of Hellenic Medicine 2006, 23(1):45–51

OBJECTIVE Class 1 integrons are DNA structures that recognize and capture mobile gene cassettes. A

considerable portion of the genes encoding antibiotic resistance is integrated into these DNA elements. This

study aimed to detect and compare class 1 integrons in Enterobacteriaceae from farm animals and hospitalized

and non-hospitalized patients. METHOD Two hundred clinical isolates of Enterobacteriaceae causing human

infection or colonization were collected between May and November 2003, 100 from patients hospitalized for

more than 72 hours (hospital acquired, HA) and 100 from outpatients with no prior hospitalization in the

preceding 4 months (community acquired, CA). Fifty-seven Enterobacteriaceae isolates were collected from

farm animals (FA) during the same period. The microorganisms were identified using a standardized identifica-

tion system and their susceptibilities to commonly used antibiotics were determined by the Kirby-Bauer and

broth microdilution MIC methods according to NCCLS guidelines. The presence of class 1 integrons was

detected by amplifying the integrase 1 gene, and their size was calculated by amplifying the variable regions.

Similarities between the microorganisms were identified by pulsed field gel electrophoresis of their genomes

after digestion by XbaI and similarities between the integrons were studied after sequencing of the variable

regions. RESULTS The rate of integron 1 carriage was 50.8% for FA Enterobacteriaceae, 21% for HA and 11%

for CA. The size range of the variable region was 600–3300 bp, 800–2500 bp, and 800–1500 bp for HA, FA

and CA integrons, respectively. The 800 bp variable regions of three integrons detected in three different E. coli

isolates of hospital, community and animal origin carried an identical gene cassette (aadA1) and the 1400 bp

variable regions of three different E. coli isolates of hospital, community and animal origin were identical,

carrying the genes aadA and dfrI. The prevalence of class 1 integrons in multiresistant Enterobacteriaceae was

53.8% while no integron was detected among the sensitive isolates. CONCLUSIONS The highest prevalence of

class 1 integrons was detected among FA Enterobacteriaceae. The HA integrons harboured the longest variable

regions. Identical integrons were found in human and animal microorganisms. The antibiotic resistance profile is

associated with the presence of integrons.
................................................................................................................................................................................
Key words: Class 1 integron, Ånterobacteriaceae, Resistance gene
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