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Å�Ã° ¼̈¤·Á�­Á���r� �µ¨Ã¤Á�¨¨µ� Å�¢d¤¼Á¦¸¥¤� Á°­��� ­¦oµ��¹Ê�Ã�¥�µ¦�¦µ�¢°¦rÁ¤�́É�

�oª¥¡¨µ­¤·�¤·�·-�̧Á°È�� �� �̧É�¦³�°��oª¥¥¸�� lux CDABE Â¨³¥¸��̧É�oµ��µ��µ�µÅ¤�·��
(kanamycin) Ã�¥¡�ªnµÁ�¨ r̈�°��µ¨Ã¤Á�¨¨µ�Å�¢d¤¼Á¦¸¥¤� Á°­���Ä��nª�­Á��́É��µ¦¸� Á¢­
�´Ê��³¤̧�ªµ¤�oµ��µ��n°Å�¦Ã�Á�¸¥¤� ¢°­Á¢��� Á���·¨Å¡¦·�·Á�¸¥¤� �¨°Å¦�r� ��¸¡̧�̧��� Ã�Á�¸¥¤
Â¨�Á���Â¨³Å��·�¤µ��ªnµÁ�¨ r̈�̧É°¥¼nÄ��nª�¤·�-Á°È�Ã¡Á��Á�̧¥¨� Á¡­� ��¹É��µ¦��¨°��̧ÉÄ�o�̧¡̧�̧
Â¨³Å��·��´Ê�� � Å�o¡·­¼��rÄ®oÁ®È�ªnµ¤̧�¦³­·��·£µ¡¤µ��̧É­»�Ä��µ¦¥´�¥´Ê��µ¨Ã¤Á�¨¨µ� Å�¢d¤¼Á¦¸¥¤�
Á°­��� ¥·É�Å��ªnµ�´Ê��nµÅ�Ã° ¼̈¤·Á�­Á���r�̧Éª´�Å�o�µ�Å�Ã° ¼̈¤·Á�­Á���rÂ���̧Á¦¸¥�¸Ê� Á�}�
ª·�̧�µ¦�̧É¤̧�¦³­·��·£µ¡Â¨³¦ª�Á¦Èª�̧É­µ¤µ¦�Ä�o�¦ª�­°��¦³­·��·£µ¡Ä��µ¦�Îµ¨µ¥Â���̧Á¦¸¥� ��
Áª¨µ�´Ê��°�­µ¦¥´�¥´Ê�Â���̧Á¦¸¥��·��nµ�Ç®¦º°�¦ª�­°��¦³­·��·£µ¡�°�ª·�̧�µ¦�Îµ¨µ¥Â���̧Á¦¸¥ª·�̧
°ºÉ�Ç 

Á�ºÉ°��µ�­nª��°�Á�ºÊ°Á¥ºÉ°�oµ��°�� (outer membrane) � �°�Â���̧Á¦¸¥��·�Â�¦¤
¨��¹É�¦ª¤�¹�Á�ºÊ°�µ¨Ã¤Á�¨¨µ�oª¥�´Ê�� ¤̧�»�­¤�́�·Á�}��´ª�´��ªµ��ªµ¤­µ¤µ¦�Ä��µ¦�nµ�
Á�oµ°°��°�­µ¦�nµ�ÇÁ�oµ­¼n Á�ºÊ°Á¥ºÉ°�oµ�Ä��°�Á�¨¨r� ¦ª¤�¹��µ¦�j°���́Å¤nÄ®oÅ��·��nµ�Á�oµ
Å�­¼nÅ�Ã�¡¨µ­¤·�� Á¤¤Á�¦�Å�o� °¥nµ�Å¦�È�µ¤®µ��ªµ¤­µ¤µ¦�Ä��´��ªµ��µ¦¥°¤Ä®o­µ¦�nµ�Ç
�nµ�Á�ºÊ°Á¥ºÉ°�oµ��°��¸Ê�¼��ÎµÄ®o¤̧�¦³­·��·£µ¡¨�¨�� Á�ºÊ°Â���̧Á¦¸¥��·�Â�¦¤¨��³­µ¤µ¦��¼�
¥´�¥´Ê�Å�o�oª¥Å��·�� �µ¦Á¨̧Ê¥�Á�¨ r̈�̧É­£µª³°»�®£¼¤·Â¨³¡̧Á°��̧ÉÅ¤nÁ®¤µ³­¤�n°�µ¦Á�¦·�
�°��µ¨Ã¤Á�¨¨µ�̧É¦³�´��nµ�Ç�´�Â¨³¦ª¤�¹��µ¦Ä�o�̧¡̧�̧Â¨³Å��·��´Ê������­µ¤µ¦�Á�¨̧É¥� 
Â�¨��ªµ¤­µ¤µ¦�Ä��µ¦¥°¤Ä®o­µ¦�nµ�Á�oµ°°��°�Á�ºÊ°Á¥ºÉ°­nª��°��°��µ¨Ã¤Á�¨¨µ� Å�¢d¤¼-
Á¦¸¥¤� Á°­��Å�o� �ÎµÄ®oÁ�·��µ¦­¼�Á­̧¥�µ¦�Îµ�µ��°��´ª�´��ªµ��¸ÊÂ¨³¥´�Å�¨��ªµ¤�oµ��µ��n°
Å��·��°�Á�¨ r̈� ­n��¨Ä®oÁ�·��µ¦Á�¨̧É¥�Â�¨�¦¼�¦nµ��°��µ¨Ã¤Á�¨¨µ� Å�¢d¤¼Á¦¸¥¤� Á°­��� �¹É�
�·��µ¤�µ¦Á�¨̧É¥�Â�¨�Á® n̈µ�¸ÊÅ�o�oª¥� ö°��»¨�¦¦«�r°·Á¨��¦°�Â��­n°��¦µ�Â¨³Â��­n°��nµ��
¡�ªnµÁ�¨ r̈�̧É�¼�Á¨̧Ê¥��̧É°»�®£¼¤·Â¨³¡̧Á°��nµ�Ç�´��́Ê��̧ÉÄ�oÂ¨³Å¤nÄ�o�̧¡̧�̧Â¨³Å��·��´Ê�� �³¤̧
�¨�n°�µ¦Á�¨̧É¥�Â�¨�¦¼�¦nµ��°�Á�¨ r̈�¦µ��Ä®oÁ®È�� ¦ª¤�¹��µ¦Á�·�¦°¥�»q¤Â¨³¦¼Ä�­nª��·ª
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 Salmonella typhimurium S36 was constructed by transformation with the 

mini-Tn5 plasmid containing the lux CDABE cassette with kanamycin resistance 

gene. The stationary phase of S. typhimurium S36 cells are more resistant to trisodium 

phosphate (TSP), cetylpyridinium chloride (CPC), sodium lactate (SL) and nisin 

treatments than the mid-exponential phase cells. CPC-nisin proved the most effective 

treatment to inhibit S. typhimurium S36. Moreover, bacterial bioluminescence is an 

effective way of monitoring in real time the sensitivity of bacteria to antibacterial 

agents and other treatments.  

 Since the outer membrane (OM) of Gram-negative bacteria including 

Salmonella, act as a permeability barrier, preventing nisin from gaining access to the 

cytoplasmic membrane. However, if the OM permeability is reduced, Gram-negative 

bacteria can show nisin sensitivity. Temperature and pH stress and CPC-nisin 

treatment were able to alter the OM permeability of S. typhimurium S36, producing a 

loss of barrier function and reduced resistance to nisin. Appearing of morphological 

changes in Salmonella cells were examined using scanning and transmission electron 

microscopy. Temperature and pH stressed cells with and without treated with CPC-






