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5 �KBE��i��óY?&א�h�ó]èM�WEA?��îYoK;C��fB<��ï��h��M��W$א�M�jE$א�M�K?א���h���WB�� .�א&��?�f�א&¥j;C��ó·G�א�@�KCoK�א�M?E�W�א&
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�

kA�א$jEא·�t�h@,��KD?E�:��MA�<�K���t¥�א&�−13��K	א¥Wא��¼KæZ��fó�1�×¹א��،MA�K@א��M�X�TK��M:��Y&א�Y�K�

�،�K�Â�Y&א�h��¼אWÂ?<�¹M�¹X=א���KD�BE�¹�KD�E�Ï��M��C�K��a	¹א�YóE=����£K
�c8ó���.�،a�7א��kA
�K�Y��¹�KD��K�@��¼M�E��¹
��M���KEB@A�א�×��W��·j@��¼�£j�j�í�א�C�K��MAEA��²K<pG��_?���Kא�jE�A��¼�£K
�KD�K<���h@BE�·K��y��loאX=א��¶K;C�.

¹kA
�¼�¹u
�،e�X����ó·I�h����M�X�Tא�kA

��¥K��ºW���Yא��£¥א	�K�א$jEא·�tK��¸X���Læ�»Xא��ME�EoYא��fא�j<א��W
���e�¤¹�،MAB<���א& MEoאX=א�� MB;�w�� Á.�¹X=א���א¦·j¹א��� MBE?א�� j�»£K>�� ¼�Y
K���_��Y��t� �ó¥Kp�¥K���א�W���ó£K&K�א	�

KD�>�� .�X�¹�e� ·j@�� W�²K7א�א��X=א���K>q� h�� �W¹א�� M>8�� ¼K�Y8�� KD:�¥¹� MAB�3א� �¥K9א�� ¥K�zא�،��b�K�� ��Yא¼
M�j<8א��¹.�K��א¤�óµ£�א�X=א��cEqj��kA
ó·��¼ME�K��N�E���Y4�j�&א��K�KEא����W?��،M�u�A��dóB<��gEE?��fB<����·j@�h�

���j�Aא��¶¦uא�W�MBóB8&א�א·jE$א��K	א¥،gou��f@7�í�MA�K@א��M�X�Tא�M�K���.¿MÅא�í�óN�A��ïY���¥K��
$M�K��é��א
��KBE��¤א��·K��h�א�dou��^�Y<��jEא��K�ME��Y"�f�&��X¸�א�W¥א	M��·��·K��h��Ð�א&Uó�Y�fó�B£¥א	�K�א$jEא·���¹

ºZ=��א�¤��K�jA<��é��l9>��·��KÓ.�
�
14−�� ó·I��e�X�¹�·אjE$א��K	א¥£E?��í� ¼K�jB
�M�W�����>�MA�K���t¥�א&�K�Y��א��÷�KBEMEôB�א& KD?E�:��h@,�t

�M:��Y&א�אX=א�� K����í�MAB<����M?E�£��KCoK��µ¹KC���.�ñkCï��kA
�»j�!�،ME���K�KE��h
��¥K�
�M?E�Wא���KCoK@�K�
MóE?Cא���K�Â�Y&א�a��M�¥K?BA��MA�K��Ð��lD�� 
YqKC��MEoKEBE�jE���،�Ð�X�¹א�h��cÂ�G��� �WÂ?<�.�<��M<óC8&א�M�X�Tא�^

� KDC@,¹�،g9Ó¹א�aEC8א��� g�¥�MóE��k?���·�� KDC@,�،[�KC���·��،k?���·�¹�f��tK$א�^<��í،�fא�£�M�Eא���
h�Zא��h��MA�j��א�Ï>��M�j<&א�.�M:א�Ï&א�M?E�Wא���KCoK@א��M�u	�gEE?���M�	KC&א�א·jE$א��K	£¥א�א¶W�t��óW��h�א	�
KBA��·j@��t� KBCE�� K�Wא#.א��Pî�C&� ¹��.�A�� ¹��U���K�jA<&א� ¥K��
tK�� ��V�¥K�א	�>µKB���h�í�א�=Xא�،�e�¤¹���Xא¼

�cEqj�¹� U�K&א�©j8ß� �YÂ�j�&א�ó£K&א#.א� Pî�C�¹� �¥j3א� MEא�¥jא��� .��K	א¥£� �א	��Wא¶ h@,� ،e�¤� ³j�¹��óWE�

Wא£�xאjא���¹��א�X=A��MEoאX=א��MBE?א��gEE?��²WD���Kא�jE$א�kA
A��»jE$א�Wא��ó£KB�Yö�<À&א�אX=א��í�¼K��W��KDC
�.�
�
15−�¹�¥Kא����dE�:��í��K�j<8A��¼M�E��MEôB÷�
kA�אM�X�T�א�@،MA�K��hB�א�u¦¶�א��Y�K��א��?»WEA�W�¹א�Ð��gEE?�א&

�M�X�Tא�M�u	�gEE?��� �א�@�KCoK�א�M?E�W�א&Ïא�:M�א�£j�¹�W��PDC����Y��ZE�Yא¼ �Wא¶�	K��M�î�C&אK��K�K�Cא�� KDE�� K+�،

��K¥�.�¤א��א�K�W�א&Ïא�_tא�.<��X�G��OE��،M�u�
Î��Y�j:��PDC���óW<£�א����K8ó8���gEE?�א��e�¤�M#K<��ó)�W?�¹

h�� ¼uÀ��Y�Tא£j8?&א�¹�،Y�j�!�W�í�א�@hoK�א�dE�W��¹�א�×��W�א�?MA�K��WqYA�¹א��=YóEא���Ð�א&?�£j8�،�¹��M<E�א��
�i�K7��µu�
kAא�X=א��»Y�j#א�H�K@א���¶jD>��¶אW��	K��e�¤¹�،6.�

�

                                                      
6 � ¶jD>�»Y�j#א� H�K@א���substantial equivalence�� j�� KB�¹h
� ¥£K8א�� Y�Y?א���í�¡¹Y7��אÎ%א� �¥j7���M�X�Tא� MB;C��.��M�Ï7&א�

M�jE$א�M�K?א���h���WB���M�u�א���jא�L�–�¹א�Z¥א
M�MB;C�¹�א�8�M�א�>ME&K��µj�אM�X�T�א&��K�K�CA�¼KE¥¹א���¥öj3א�29¥،K���/�j�K�–�
�Yא�–،jE�j��Y�Zא·2�j	�،cEC���g��א&M�Ï7��.��MB;C�אM�X�T�¹א�Z¥א
M�MB;C�¹�א�8�M�א�>ME&K��א%Îא��¥j7���h�،3−4�e�X�¹�í�א�?

M�jE$א�M�K?א���h���WB��	��،ÎB�/���24−28µjAאM�X�T�א&���WB��h�א�@�KCoK�א�M?E�W�אöj3¥��¥¹א�،¼KE��gEE?�	M�u��–��µj�אM�X�T�א&
�Yא2001�j	�،cEC��؛.( 
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16−�ó·��g�¥�M�u�
h�	óL8CE���ZE�Y��gEE?�א��ME�Kpxא��K�jA<&א�X�H��h��óW��t�،K�Wא��א�_Ï&א�dE�Wא��hoK@א��kA

¶jD>��dE�:��ºW��·K���א�=Xא��í�א$ �W
K��a��iA
K>�»Y�j#א�H�K@א���B
�í�ME�Eo¥� ¼�j:��Î�<��»Xא��،��MEA?�gEE

M�u��א� .»Y�j#א� H�K@א��� ¶jD>�� ö·�� îÐ�t� ،�� fó�,Þ� óWM�u�A�� ¼KBEE?�� iא�¤.� f��j��×א�� Mא�Wא��� ¿M:?�� ºY�TK��
�gEE?��Ð�G���fîB<��ï�K�Wא��א�_Ï&א�dE�Wא��hoK@א��h��óf��A��M��C�K�WEA?א���Ð;C،hoK@א��אXÓ�»�¹א�îא�X=��¶אW��	K��Pî�C&א

��M��A��_�א�hoK�K�W�dE�£��ÏאC�K�WEA?א���Ð;Cא�X=א��e�X��»�.¶jD>&א�אX��¶W���ï�¹gEE?א���í��@�ï��l�óWîi�¹��£�i�K7א���
�.��²u��t¹א�K�YoK;��é��¼M��ô��loאX=א��aEC8א���í�MAB<���.M9��KB��j��²óY<ï�í�א�<?�Y��א��?WEAא�@�KCoK�א�M?E�W�א&
�W
K���KB��¶jD>&א3א�K�K9?א��W�W!�í�Yî��<ï�¹�،M�X=¹א���M�u�אt	Ïא�ME�E¿�אîY��T��¼MBou���k���¼K9��MAB��G7·�א�

�M�X�Tא�M�u	�gEE?���·zא�M?E�Wא���KCoK@א��א¶W��	K��M�î�C&א�:אÏ&אK�Wא��M�.�t�M?�Y:א��¸XD��ºY�À&א�M�u��·ó��gEE?�א�
Ø<��א��M�u�
kA��ó·��Z4�Yï��M?A:j�Y�TK��Pî�CBA�א#W�W؛��f�א&�º�gEE?��OEÞ�،�£óW3א��K�u��tא�h��5»��M�u	�

�M�u	�M	א¥£�kóC����dE�Wא��hoK@א�_א�Ï&אK�Wא��M�u	¹��dE�£�hoK��¶אW��	K��Pî�C&א�א�X=א��א�_Ï��אK�W�ùf��،��é��¼M��ô�
¸Ð;��WEA?א��».�
�
¥K�zא�Ð���£j8?&א�
�
17−��Î
dE?!�²W���MCE<��M�WD����MÑ�UC�)��£j8?��Y�(�hóE<��dE�£�hoK@،�Î
��¹��^�j<��¹��M�KpI��¶KE?א�

LE�Y���£K
��¹��Mא�¦���K<�K���K�£،�£óWâ�א��f?C��M�W������?W���ióg��K�W،iE��é�א�@hoK�א&�lÂ?A��¹���oK?�K+��KDE��eA�א&
� �K���E�Kpא�� �KÑM،�tK$א� ^<�� í� ،�� �£j�j&א� �KB��א� ^<�� ó·�� KB��?�� óg��� W�� ¼uqK�Y�j!� ¹�� KDא�W�.�

��µKB<�	א�kA
��£j8?&א�Ð��¥K�m��fB�3א��¹W$א�Y8�C��t¹?�»¹jCא��^B$א��KECME�j��Tא�.�fÂ@7��e�¤�ó·��f�
�ºY�TK��¼�Y�K�M�¥אj���M�K
¹��¼K9����W!�W��MEא�¥jא��א�א�Y�x¹א��KEC?א���א¶W��	K��foK8>א��Y�j:��µu�M�WEA?א���،

oK@א��ªóY<��¿M�E���¹��£j8?��Ð��¹���£j8?���K��¼M�¤H���·j@�h@,��·א¥K�z��Ð�א&?�£j8�.¹��KC�א�M?E�W��j=9»�א��
�KBE�� ¼�W�Kâ�¹�� ¼M<�K��¹א���� ó]èºY�Tא�M?E�Wא���KCoK@א��a��[�KC�¥K��¹�،M?E�Wא���KCoK@A��l�j�j@�xא�¶�u¹א���،

�M?E�Wא���KCoK@¹א��،KD
uא���W<��Y7א���kA
�M�X�Tא�M�u	א&CM?E�Wא���KCoK@א��א¶W��	K��M���.��W!�W�¹�Ð��¥K��
�í��£j8?�M?E�Wא���KCoK@א��א�:Ï&אM��¼K9���K�Wא�µu��£j8?��Y�j!��<�K���KK�Wא���،�µu��¹��Ð��¹��LE�Ïא���£K
�

K�Wא��א�_Ï&א�dE�Wא��hoK@א��í�ME<E�:א��א�W�Tא�h��e�¤.א�gEE?��fB7��·��Læ�אX��א��kA
�M�u����K�jA<&¹א��K�KE�
ME=ï���א�X��î»j�ç�·��ME�K@���]EA?��.<�óWB����h���dE�£�hoK��_א�Ï��K�Wא��M�q�kA
�M<Â�j���Ð���ó¥Kp�¥K���kA


·K��xא.�
�
18−�K�£��K<�K��� u���h
�P�C��W���£j8?&א�Ð��¥K�zא�W�W���L�C�K�dE�£�hoK��،#א�é���¶jCE�h@,¹�؛l�¹Y@E&א

A��a��KD��¥K?�¼KE<E����W!�×¹א��f?CA��MA�K?א��MECE#א�YqKC<א���«K7��Lô?
�`�uï��×א��¥K�zא�e�.� u���»£H��W�¹
l?A�&א�¶jCE��í��KCE#א�h
�Ð�<א���í�א�ÐE=��é��K�Wא�.��.<��.��é��M��K����Ð��¥£K8��h��K�£� u���ó·��KB�

h
�¸¥¹W��Y>���W��_ÂAã�.�¹Y��LE�Y��chimeric protein،ï��»X¹א���¼K9���kóB���¹Y��¶K.�א��fusion protein�.�é�¹
¥K��
tא�.<��KDא��j
¹�ØE#א�א¥Y?�	tא�¶W
�M�G���X���h��óW��u��،e�¤�L�K��.�

�
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19−��Bó·��K�W���£j8?&א�Ð��¥K�zא��h
�Y>��ój@�ï��¹���W�W��«K*��א�¤��K9E���·óE=¸Y�.�W?��،µK�&א�fE�	�kA<�
Ð�<א���^ó�B���M<>�Y���K�j����kA
��K,Z�Tא�h
��،hoK@A��M��C�K��W�W��g�Z���h
�Ð�<א���¹��MEoKEBE�jE��¥K���h


���K�j��¥öjâ��9�BA/�אME9�T�M�j�K��¹��¹��ÐE=א��í��gE;C�א&óYBא��¹�E�K.�
�
20−�
�M"KCא���£j8?&א�Ð��¥K�zא�gE�?��h@,h.�
jBá�é��lא�¥jא��Y�j���KD<Â�j�×eA�¹�h@,�אK�z¥�א�:��א��
"M<Â�j�&א�Ð�� ."� �£j8?&א�Ð�� ¥K�zא� h�� W�W<א�KD<Â�j��WE<�� óW��é�� MB��א� M�Y<��kA
� ñ�KC�� ¼K��K��،M�K9À&א�KDא��j
¹�

 u�xא�a�j��¹��ME9�Tא��¹.f9>�µj��­K��tK���X�zא��K�jA<&א�א#�jCE�K�ME�¹Y@E&א�א�¹]ó8���Wא�Z�&אM>E�¹�í��

Î���KEC?�א�K�W�א&Ïא�_��?¼M�¥K��j&א£�א�jא�KÓK�£��óg���×א��MEא�¥µK@
TK�ºY�Tא�א#.�MEC?���W?��،¹W=��fD	Tא�h��

hóE<��Y�j�����£j8?&א�Ð��¥K�zK��hóD@א���.À#א��KEC?א���µKB<�	א�h@,�KB��fEA����،MEoKEBE�jE¹א���ME�j�jEא���،ME��Z
�V�אא�×�!�W�א��=YóEא����ºj����kA
êY�¹�.#،i���Áh�XA¹א�W��£j8?��Ð��¥K���é��K�ó£H��.�

�
21−��M�u	�gEE?א��M�X�T&א&א�M?E�Wא���KCoK@א��א¶W��	K��M��C�W�W����îLE�K	��fB7��K�Wא��M:א�Ï¹�¸X��f���Wq¥

�£j8?&א�Ð��¥K�zא،�Tא�M�u	�kA
�fB�3א�K�Y��¹�l�j�jEא���KD��u��gEE?���îÐא�W��e�X��fB7�¹�M�X�.¹�£W
�Î�<ï�
�£j8?&א�Ð��¥K�zא�gEE?���¼K�¥¹Yp��K�jA<&¹א��K�KEא���h�،�OE��ió���h
�c7@��·��¸£Y>+�W¹א��¥Kא����¥¹W?+�[E��

MAB�3א��£j8?&א�Ð��¥K�zא�aEê،،£úWç�·��¹���.?Eא��i�¹�kA
·K��xא�M�8��M�u<א��א�¤�¥K�zא�eA��،�.�¸X��Y4�j�
�jA<&¹א��K�KEא�א���ó·G��¼M�KBp�،óf@��¥K��
tK���X���K��א¤��،�K�ºj:C��t�א�X=UE�Ïא��i�¹�kA
�kA
����ó¥Kp�Y��M�8

·K��xא� .X�G�¹� ¥K�zא� gEE?��i�K��Þ� �£j8?&א� Ð��� �K>q،ME�j�j�ZE>¹א�� MEoKEBE�jEא��� dE�Wא�� hoK@א�� ��óg��¹א�×
� K�¥KEא��� ¼tKê�îfoK8��.�!�²WD��tKB<�	tא�f���h����¥Kא���Mא�Y7¹א�� ���X=Aא� .¹� ¸X��א�W�W���Y¦א¼��?óW¶א��
¼KE�ó¹���M?E�Wא���KCoK@A��£j8?��Ð��õ�KÑ�YÁD;ï��×א��¹.�­K9���Læ¹�K�Wא��M:א�Ï��M?E�Wא���KCoK@אא�X��¦K�"�×א��

�¥K���t�¦Y>א�א�g��M�u��KB��j���hóE�í�א�?�4.�
�
¥K���gEE?���M�u	�M�X�Tא�
�
22−��u��Wא¶��hoK�MdE�£��X=א���?gEE�א��	K��P�C��K�Wא��א�_Ï��،dE�Wא��hoK@א��µKB<�	א�M�u	�W�W!�é��WC����

�a����j�¹�MEAB
M�ó¥W��M#K<&�fB7��×¹א��M�u<א��א�¤�fא�j<א��:�
�

)�(�cq¹�hoK@א��dE�Wא��א�_Ï&א�؛K�Wא��
)�(�cq¹�hoK@א��dE�Wא��l?A�&א�i�KB<�	¹א�í� K����א�؛א�X=�
) (�cq¹�hoK@א��U�K&א�¹���KCoK@א��MäK&؛א��
)£(�cq¹�Y�j��؛א&¹G7C�א�f�KC��fB7�K+�א�j¥א�ME�א�א���Y�j��¹�א��
)6�(�cEqj��Y�j��؛א�j¥א�ME�א�א���Y�j��¹�א��
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)¹(�gEE?��M�u��:א�
�

)�(�ó£אj&א�Yö�<À&א�KDC
:�gEE?��MEôB÷���Lóא���
kA��W?�K¥��א&M:��Y�א���KB��h�K�Ð�¹�אMAB�3�א��
ªאY�TK؛��

)�(��uEA!�ME�E�Y���K�ój@BA��؛ME�EoYא��
) (�gEE?��؛�K9E�&א�
)£(�¥K���aEC8��M�X�T؛א�
)6�(�gEE?��¥K�zא�؛ME
KC¿&א�
)¹(�gEE?��MEA�K���KE$א��KCoK@A��،M?E�Wא���K��¹KD��í�eA��K·؛�אlB9Ó�א&�y���
)¦(�M�¹K?��£K9&א�»jE$א�¹�f?��א#.؛�
)¡(�Y�j��א��=¹X«؛�א��
�

23−�� �K>q� ¶ZA���� W�� ،�tK$א� ^<�� íM?E�Wא�� �KCoK@א��¹/�¸X�� �Wא¶�	K�� M<óC8&א� ¹�� M��C&א� M�X�Tא� ¹�
،M?E�Wא���KCoK@א���_?��]�à�K�K9��M#K<&�ME�Kp���K�jA<�¹��K�KE��Y�j:�M?E�Wא���KCoK@�K���M�X�Tא��K��C��¹�

Ð��·¹£�،M<א�Y&א�WE�KB�.�
�
��ï��ï×א���K¥��א��−24 ·��Læ�M�u����K�KE����KBEE?�א� Y�j:�� KDC�� W8?�gE�K>&א�a�� ¶K���tK��ºY�ï�¹� góB8

Î���،M�KB�E�¹��K·�אY�T��KC	�،¼K��a�א&¥KB	M�א#�WE�í�א&E���K:A�א��MEBE;C�א��Læ¹W�¹Z�.�¹א&�K£��א�>MEBA�א�8�
�LA:א�� WC
� ME�ó¹Tא� �K�KE��K� .� KB�� �K�KEא��� kA
� µj8$א� LæM�E��א�8 MEBA<א�� LE�K	Tא� �Wא¶�	K�،�óg�� h�¹�

�KDAEA!�Î
MBou&א�MEoK8�xא��KEC?א���.�dE�j��h��e�X��óW��t¹�ºW�ME	K�� MEAEA��.aEê�אT	LE�K�א��
�
25−��ó·G��،M�K�&א�h��Tא�MEBA<א�� M�Y<&א� �jp�kA
�،M�KBp�Ð�j�� j��M�u���h���KBEE?�א� gEE?�� óf��²W�� ó·�


Wא£¸،���h�ïא�=Xא����WC
�ñº¤��Ló���L�אt	�µKB<�א&YÀא£��i�uDiא	���¹���h��i�>��hoK@א��ó·��KB��،�ñº¤��Ló��ï��WC

���KCoK��ME�í�א�=Xא� �K?�.�Læ¹�·�îLא�j#א�M�u��אY�Tא£ï���ËK<���KBEE?�א� gDE��h+�،·K@��א�8�ME�aEB#�א�

��:Y،�¹אT�µK>�¹א�@�¥K�í�א�A��MpóY<&א�M
KC&א�¹¤«óh�.loKDCא��Y�Tא �Mqu��h
��¥K�
�·j@E	�gEE?א���אX��f�&�aÂ�j�&א
�µj�·K��א¤��Kא��X=א��¹�/�M?E�Wא���KCoK@א��¹�M�u��K��·K<ó�B�����¼�j	�;CKB�YoK�WEA?א���M�Y�Tא�¥K��
tא�.<��X�Tא�a��،

loאX=א��¶K;Cא��kA
Ó�M�¹X=א���MBE?א��¹��ºj�3א�í�א�ÐE=��Mó�T�KB�.�E�¹�·j@��·��dE�Wא��hoK@A��U�Y&א�h��·K��KB
�í� K�Wא��א�_Ï&א�dE�Wא��hoK@א�� ¿M�K���·K��$K�� X�Tא�a��،»WEA?��Ð;C�� i��¥K?��L�E��،­u��tא� WC
� �KE�A�� ¼u�K�

��KE�W�A��»W<&א�»j<&א�NE�îCא���¹.�iCE�� ô�u
K>¹א���،¼K�	KC�� Y�Tא�·K��k��¹�،lB9Óא�eA��K(א&�xא� ¼MqK�·(�،
�¥K���e�X�¹�M
KC&א�¶K;��kA
�K�Wא��א�_Ï&א�dE�Wא��hoK@א��.�c�Y<��،Y�j#א�í�،l��M�u�
MEAB��gEE?�א��MA8â�ó·�



9 

ï��·��h��Y�K�
h��£א¥��א&�î.�¹H��¹£úWא��KBE��¤א��N�K��´KC��M�K�tא&Pî�C��WE�א�W¥א	M��M?�Y:��h4@Bï�א&�¤KàîÐא�W��
MCE<��X��Y�Tא�·K��·�¹�،�M�	KC&א�א¥א�Y?א��¹אX�ó���·��h��،e�WC���.��XDא�א�M�Y<�£W8��é��WE��א&
�

�g���א
��K¥א��
M�K–�4א�?
�

�cq¹dE�Wא��hoK@א���l?A�&אK�Wא��א�_Ï&א�
�
26−��LæÐ�j�cq¹��MAE8>ô��� �א�<:Y�e�X�¹��W=Aא� ¹�� �ÐB%א�¹�� K�Ð�@א�×א��� óg���a9à�l�� KD,W?����gEE?�
�M�uא��.��Læ¹�·�·j@��אX�cqjא�M�u�
�W�í��gD���M<E�א�@hoK��¹�א�=Xא��א&P�C�א%Á.<pK���gEE?�א�K�BA��¼KE�K���.

� ��ZBא¥­ KD;>�� óg���·��Læ�א�X=א��í� �אj�3א� ¹�� �א&��>MAB�í����K �א�=Xא� K�Wא�� M:א�Ï&א� M?E�Wא���KCoK@א��Zà�h
stock cultures�a���KD>�Y<�>�Y<�¼K�	KC��¼KW��	K��¥¦��K
jBá�í�KD;>��föó9>ï�¹�،ME��ZÀ#א�LE�K	Tא�א¶M
�.�MBoK�א

lAqTא�M�u�
MEAB��Yא�>M��gEE?�א��fóD���W��Y�Tא�אX��.ïcqjא��אX��£óWçîµj83א���W�¹�،)א�W���¹�(�f�j��א��
iC��M�K=¹א��Y�j�
W.�א�»X�	��»Y��Yא�>�،i�e�X�¹��­j�א��K�BA��¼KE�K��cqjא��אX��·j@��·��Læ¹�M<E���gD��í��

M�u��K:A�Læ¹��Ð�j���f��X¸�א&Zא¥­�א%MC�Z�.א�=Xא��א%apK���gEE?�א�A��LA:א��WC
�MEBE;Cא���.�
�

�cq¹�א�@hoK�א�dE�W�א&�l?A�¹א	�>i�KB�í����K �א�=Xא�
�
27−�Y�j��A��a9è�»Xא��dE�Wא��hoK@A��¹��l?A�&א�dE�Wא��hoK@A��cq¹�Ð�j��Læ�.�l=�C�¹��·j@��·�A��KCoK@

ME?A�&א�M?E�Wא�M�X�Tא�í�h���´uD�	א�¹��א�X=א�� K����í�h���¶אW�א&K9£א��א�@�KCoK�א�×��Pô�Cï�א��¶jB��¹�.���V�¥K�א	�
M�jE$א�é��»£H��W��MECE��YqKC
�fB!�×א��eA��¹��،א�X=א��í�¼�£j�j��·j@��t�·��Læ�×א��א£j&א�h��K�Ð��¹��

،ØE#א�א¥Y?�	tא�א¶W<א���KCE��kA
�Kא��jא���U�Y&א�א£j&א�eA��¹��؛M�jE$א�א�£K9&א�M�¹K?��é��¹��UC1�coK�¹�
� ªאY�Tא� WE�j��� _��Y�)� ¼K9��� kóB��¹ªאY�Tא� WE�j�� ¥ïZï��pathogenicity islands��א�� fא�j
� ¹î
ðj¿>M�

virulence factors(¶W
� Læ� ¼K<Eê� KDÂA�� ،�KEÂ?A�B�� KÓKB<�	t� Y;Cא��� .� ·�� Læ� hóB9����K�jA<&¹א� �K�KEא��
�M�¥¹Y9א�ME�Kא���¹£·،DEA
�Y8�?��·��K��¥¹Y9�K�:�

�
)�(�M�jÓא:�g	tא�lBA<א�،�g	tא�aoK7א�،�K�Ð�¹�h���KÑTא�MAB<��
kA��M�tWA�א&�hoK@א��،dE�Wא��.E<��

،MAE8>א���K�jA<��h
�MAE8>א��،K�¥W8�¹�¹��¶K�¥��א�¤j�����«ó��ºW��h�א&>�K�jA��h��K�Ð��¹�א&
­£j����M

kA��iC�אµj8$�h@,��i��²Ï<ï�¦¥א�hoK@א��¹���،i?א�j	�·��·K��e�¤�¼u�K��dE�:�A�،�¹e�X��
.E<א���l>EC8؛א���

)�(�V�¥K��M

h���K�jA<�¹אt	�µKB<، א�Z¥א�Y�j:��MAE8>א��)KDCB9�¹�µZ
�א��M?�K�א�<foK8��¹�א�:<Yא��
MAB<��
kA�	¼K�A��Yó�H��W�א�×��KBא��ô�!W�W��TK�¹،[�؛)א�<MAE8���KC�í�א&�M�q�؛·K��xא�
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) (��K�jA<&א�h
�LE�Ïא��lא�¥jא� LE�Ï¹א��»YD;&א hoK@A��dE�Wא��l?A�&،א�א�¤�M�u<א��،i��u���fB7�¹�
e�¤�ó»��¶jÑ�M�¹Y<��¹��א�£K9��fא�j
،M�jE��M�¹K?&א�£K9&א�،M�jE��¹��K�Ð��h��fא�j<א��Y&אM:���
WE�j���Y�Tא،ªא�¹��Y�Tא�،l
KC¿&א�e�X�¹��K�jA<��h
�א�dE�W؛��hoK@A�א#ØE�אt	�Y?א¥�

)£(�V�¥K��µKB<�	tא�h�zא�í� K����א�X=א��¹��א´uD�	t�h�zא�í�א�؛א�X=�
)6�(��K�jA<��h
�Ð�K<�� K��xא�א�¤�MA8א��¹א�×�fB<����í�M
�.א&�l?A�א�@hoK�¦¥א
�


h�¹א�j¥א�ME�M�Læ�YD;��Ð�j�א&>�K�jA�א&¿�−28�[E��M�u<א��א�¤l?A�&א�dE�Wא��hoK@א��א­j�Tא�h
¹�f��،L����
�h
�e�X�¹�،¼K9���Mא�Y?א��א�¤�ME¥¹א��YqKC
�M����Ð��j	j�¹YME��gD��coK�¹�í�N�K��·��¼Kqj8��،l?A�&א�fE8>א��

� ¥K���í�MA£א��¹��M�X�Tא�í� ¼MAB<���Mî�ú�îאj�Tא­��ï�� ¹�� Y7א���ºW��ªאY�w��ºY����Kא�jE��.�h
��K�jA<&א�א¥Y?�	א

��،¥K�KDCB9�¹�f@7�K�¹�א&tא�.<��K�X���Læ�l?A�&א�dE�Wא��hoK@א�KD��£j8?&¹א�،M�Y����K�£�YqKC
�£j�¹�،gou:�

�، u����K<�K���¹¦j���.prophages�،�WE�¦u�¹א�،��Ktransposons�K�K�¹Y�¹��Yא�
�
29−����K�jA<��fB7�� W��µKB<�	tא�V�¥K�� M
�¦¥א ME>E��µj�h�Zà¹�f?�¹l?A�&א� dE�Wא�� hoK@א��ME>E�¹�،¼K�jB
�

fE8>א��M�j��]�>��kC<ï��×א��eA�� KDE�� K+�،�£j#א�·KBp�א�א�Y���dE�:��M?E�Wא���KCoK@A�� K��xא��K8ó8à¹�
� ¶�� M<óC8&א� M�X�Tא�í�MóE��k?����KCoK@א�� ¸X��N�K�� ��¤א K��µj�¹،M�X�T¹אKDó��¹��µ¹Z��U�8���M�E�C��ME��Ð��

aEC8�A�.�
�
cq¹�hoK@א��U�K&א�¹���KCoK@א��MäK&א �
�
30−��U�K&א�hoK@א��µj���K�jA<��Ð�j��l=�C�)MäK&א��KCoK@א��¹�(K��M��¹���KCo،Y�Tא�KDEA
�d�:א��·��،M:	j���

¼KBou��e�¤�·K��KB�E��،Mא�Y?א��א�¤�ºY�Tא�א­j�Tא�µj�¹�.gD��e�¤¹�]�TK�W�W!�f���h���K���·K��¤א��¹��hoK@א�
� ¹�� MäK&א� �KCoK@א�� ¹�� M:	j�&א� h�� K�Ðא­�j�TאMAoK<A�� Mא�Y?א�� �W�W7א���� YD;ï�l<E��� f@7��kA
� �¥W?A�� �K>q�

óg��،·K��¹��K��¤א��·K�KÓ�א����Ló��Y�TKאª��¹����K �א��xא�M�q�kA
�Yó�H��ºY����KÑ�.�cq¹�fB�7��·��Læ¹
MäK&א��KCoK@א��¹��hoK@א���M:	j�&א�¹�lA��K��kA
:�

�
)�(�M�jÓא:�g	tא�lBA<א�،�g	tא�aoK7א�،�K�Ð�¹�h���KÑTא�MAB<��
kA��M�tWA�א&�hoK@א��،dE�Wא��.E<��

،MAE8>א���K�jA<��h
�MAE8>א��،K�¥W8�¹�¹��¶K�¥��א�¤j�����«ó��ºW��h�א&>�K�jA��h��K�Ð��¹�א&
­£j����M

kA��iC�אµj8$�h@,��i��²Ï<ï�¦¥א�hoK@א��¹��i?א�j	،�·��·K��e�¤�¼u�K��dE�:�A�،�e�X�¹�
�K�jA<��g
W��iCEE<��l>EC8؛א���

)�(��K�jA<��µj��hoK@א��dE�Wא��¹���KCoK@א��א�¤�Mא�Y?א��KBE��ó]è�M�u	�א�؛X=א���
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) (��K�jA<��h
�LE�Ïא��lא�¥jא��LE�Ï¹א��»YD;&א hoK@A��dE�Wא��،l?A�&א�א�¤�M�u<א��،i��u���fB7�¹�
e�¤�ó»��¶jÑ�M�¹Y<��¹��א�£K9��،M�jE��¹��fא�j
�M�¹K?&א�£K9&א�،M�jE��¹��K�Ð��h��fא�j<א��M:��Y&א�
j��WE��،ªאY�Tא�¹��Y�Tא�؛l
KC¿&א�

)£(��K�jA<��h
�V�¥Kא���lpK&א�YpK$¹א�،µKB<�	u��·��،W�ï¹�í�א£אW�xא��X=א�MEoא�d�Y�¹�¹��³Y��
ªóY<א���Ð��eA���£j8?&א�µKB<�	t�א�X=א��)£j�¹�fB�â��K�ójABA��¼u��.(�

�
MEא�¥jא��א�Y�j���KDCB9�¹�א�f�KC�¹א&cq¹G7C�א���Y�j��¹�א��

�
31−��h
� ME�K���K�jA<�� g�W?��l=�C�Y�j��א���Y�jא��א�j¥א�lא�� ¹��Eא�¥jא��M� óf�� W�W����¡KB�A���ó£K&א�MEא�¥jא��

�fB�3אKDó��l?A�&א�dE�Wא��hoK@א��é��NA?��،iE�� K�Y�j!� ó)� ¹���fEA!�f���h�� M�¥¹Y9א���K�jA<&א� g�W?��e�X�¹
�K�Wא��cEqj��g
W��×א���K�KEא���¹��،l�¹Y@E&א�¶jCE#א�é��²K9&אÀ&אËjE��iC��²Xï��»Xא��¹��،iE��¥ój3א�¹��،i�.�

�
32−��MEAB
�cq¹�»j�ç�·��LæfE8>א���KC�kA
�:�
�

)�(��K�jA<��µj���jA	Tא�¹��E�K	TאL�qK%אM�AB<���Y�jא���í�Mא&�lא�¥j؛א��
)�(��K�jA<��µj��K�Wא��fB<�����Y�j�א&�hoK@א��،dE�Wא��K+�fB7��¥W8&א�)¼u��:�،l�K���،l�¹Y@E��

،l	¹Ð��ÖE�Y�(،�¹e�X��µj��M�jÓא�¹jא�>E�M�M<Â�j�&א�í�hoK@א��dE�Wא��א�_Ï&א�،K�Wא��g�¥¹�V�Cא��
M��C�K��א�WE�¦u�A؛��

��aEC8��¹� K��x�MAא&��>B�ºY��(���K�Y:��¹���K�Ð�@(�א�@�KCoK��KDE�K+�א&�j	M:ó�א&�ME?A��KCoK@א��) (
K�Wא��f���µK�£��hoK@א��l?A�&א�loKDCא�.�

�
33−��K�Wא��£W8���K�jA<&א�Ð�j��Læ¥ój3א�¹��²¹،X3א�¹��،Ëj&א�¹��²،K9&אfB7��K+�،:�
�

)�(�cEqj��aEê��K�ój@&א�CE#אME�KDCB9�¹��KCE#א�،MÑאjא���KCE#¹א�،MA�KCא��YqKC<¹א��MB4;CÀ&א�
K�Ð�¹�h��YqKC<א��א�×�Yó�H��kA
�M>E�¹�؛K�Wא��

)�(�g�$א�M�jÓ؛¹א�
) (�a�j��¸K"¹א�a�Kא����í�f�KCא�/G7C&א�؛loKDCא��
)£(�M>E�jא�.�

�
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�Y�j���¹�א���Y�jא��א�j¥א�MEא�j¥א�l��cEqj�א��
�
34−�g�W?��ME=�¹�Y�T�Up¹א�gD���lא�¥jא��Y�j��Wא¶�א�@
kA��M�E�Y�¹	M�u�אM�X�T�א���	K��M��C&א�M?E�Wא���KCoK


f�K�¶���cEqj��l��Zï�loKEBE�jE�¹�،KE?��u��óW��h�א�M�א�K�Wא&Ïא�:�A�Y�j�lא�¥jא��.�،M�u�
MEAB��gEE?�א��fED���¹�
Kא����kA
�i�u���óg�E	�»Xא��K�Wא��Y8�?��·��fó9>&א�h��£j7C&א�M:7�TK��¶KE?A��M�¥¹Y9א���K<�.�

�
35−��h
�ME�K���K�jA<��g�W?��l=�C�Y�j!�dE�Wא��hoK@א��í�K�Wא��א�e�¤�fB7��·��kA
�،K�Wא��א�_Ï&א:�
�

)�(�cEqj��cq¹¹�£אj&א�MEא�¥jא��،M�K9&א�¹��À&א،M#j�¹��،M�¹X3א�¹���¥ój3א�³Y:��،ºY���9�¹BKDC�
��>fB���Y��f�K�K£���«��¹�א��WE�¦uא���í�f?���K<�Kא����MEא�¥jא���j�Y&א�KDE�.�Læ¹�·��fB�7��

e�¤�kA
�fEA!�ME�K@���W7��M���א�WE�¦u��¹��YqKC
�ME¥¹א��ºY���،MAB<����aא�j��£אj&א�MEא�¥jא��
،M�K9&א�¹��À&א،M#j�¹��،M�¹X3א�¹���¥ój3א�³Y:��ºY���)a�j��l�j	j�¹Y��¹�� ¥K��¶j	j�¹Y@؛)א��

¹g�¥�V���،WE�¦uא���·��N�K��£אj&א�a?��kA
�WE�¦u��£óW<���؛V�Cא��
)�(�£W
�aא�j��؛ u�xא�
) (�gE;C���ó£K&א�א�Eא�¥jM�M#j&א�í�óf��a�j��h��aא�j��، u�xא�fB7�¹�e�¤�g�¥�V�Cא���K�KE�¹�a�Kא����

A��ó£KB�M#j&א�¹���¥ój3א�¹��،M�¹X3א�e�X�¹�א�WE�¦uא���¹���K�f�K�Wא��fB<���א����K<�K��f?C�א&
MEא�¥jא���j�Y&א�،KDE���K<�K¹א����M:E3.א�אX�¹�UB�E	��W�W���M���ó£אj��óg���א��Ð�<�KDC
�M�E�C��
A��ó£KB�M#j&א�¹���¥j3א�¹��؛M�¹X3א�

)£(�W�W!�M���Y���M�j�>��א��Y?א��hBp�K�Wא��Ëj&א�¹��א�×�óg���KDC�j@��Î
�í�¥¹Ká��K�W�Y�j!א��
¶j	j�¹Y@א��¹��í�WE�¦uא��،�K+�KDE��eA��×א��W��ô�Cï�P��KCE�¹Y�� K�W؛א��

)6�(��¥K
xא�MqK%א�»T�a�K���²¹Y<��i�G��fBç�،�Y>E
�¹��Yó�H��í�Ð�<א���،h
�coK�¹��¥Kp�MAB�â.�
�


KDC�í�א�@hoK�א�dE�W�א�−36�Yó�<��£אj��»��h
��K�jA<&א�g�W?��LæK�Wא��א�_Ï&e�¤�fB7��·��Læ¹�،:�
�

)�(�P�C��¹���K��C��.#א�).�¹Y��¼u���¹��K�¥�Ð��gî�Ïï�(�¹��Ð��e�¤�h���K�jA<&א�f���fEA!�V�Cא��¹��
�K��C��Ð�<א���W�W����M���£אj���W�W��W��W�j��í�א�X=؛א��

)�(�M>E�¹�î�C�P�א#.؛�
) (�cqjא��»YD;&א�MB�A��¹���KB��א#�W�W؛�א�
)£(�ºj����¹a�j��Ð�<א���)jD��_Eôâ�M¿Að�ô#K��PERIPLASMIC،�fא�£�K�u%א�−�í��KE9<א�،�M��C�K��

K�u%�¶אY��M��K��א�@hoK�í�EUKARYOTIC(�א�ºjC�א$?ME?E�א�@�KCoK�í�SECRETED��¦îYÃ>ï�j�¹�–�א�
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dE�Wא��î�C&P�¹���K��C��.#א�Yö�<À&א�iC
�¹��
C،KD��K�j���¹�i�K9E���í�hoK@א�،�·��·K��e�¤�¼K?�:C��
KC؛��

)6�(�MEB��P�C��¹���K��C��.#א�M#j&א�א¤��N�K��M>E�¹�a�Kא���)א�(א#.)/א�(�Yö�<À&א�KDC
�l��Y�j!�
gא�Y��K�¥−µK	Y��Aא�£l�hóE<��¹��.�¹Y��hóE<؛��

)¹(��KE��P�C��،.#א�¹��א�Ð=��í��K9E�&א�M?A<�&א�+�K��C�.#א،�·��d�:א��e�¤�kA
�jא�M>E��¹��
coK�jא���£j8?&א�Y�j��A��¹��א�Y�j��.א�j¥א�ME�א��

�
37−�kA
��£K�¦¹��K�jA<��Ð�j��Læ�،e�¤�f���h�:�
�

)�(�·KE��·��·K��LE�Y���ó£K&א�MEא�¥jא���¥j3א�W��ó)��K>$א�A
iE7�¶��ó·��א�£K
��LE�Y��MóBD��W����Y��A
k�
�ó£K&א��W<��KÓK�£��é��MEA%א�¥K7¹א���MAE8>א��M:א�Ï&א�é��ºW&א��jA:&א�KÓKB<�	t�¹��KD�tKB<�	א�í�
 K����،M�X�Tא�KDCB9�¹�eA��×א��W���W!�µu��KDC�Zà�L����KEC?א���؛ME�K$א���

)�(�·KE��K��א¤��N�K��א�Y�j�
kA���N�Y�א�×�א&?j8£��א���a�K���^B$א�ØE�Tא��¹.ÎA��Yö�<À&א�iC
�W��
N9ó�1�h

kA��Yó�H��¹�א�MêÏ��W<�K�Y�j!�í��ÐE=א���aא�j��M	Kó���MECï���.�¹Îא��¹��؛i�>E�¹�

) (�·KE��·��W��ó)�dE?!�Y�Tא�£j8?&א�h��Y�j�
KDC�א&Yö�<À�א���KB�aEê�ó·�¹�א���W��ó)�Ð�<א���KDC
�
KD��¥j�¹�M?�Y:��g�ó���¥אY?�	tK��kA
�ºW��¥K7��tא��jA:&א�KÓKB<�	t�¹��KD�tKB<�	א�í� K����،M�X�Tא�
KDó��¹�g��C��a��.א�j��Mא�¥jא�.�W�¹�·j@��h��»¥¹Y9א��]����¥j�O�K�Wא��Ëj&א�¹��،¥ój3א�¹��Ð�<א���
h
�K�Yא��،f�K?&א�K��Æ���öh��§KE���K>8א��M�YD;&א�¼�Y
K��8؛�

)£(�·KE���K��א¤��N�K��MBô�
KDC�א&Yö�<À�א���KB/א��W��ó)�Ð�<א���KDC
�KB��j��aÂ�j��،�KD��¹�²WD����a�j&א�
»j¿A¿%א�gou&،א�¹��KDó���¦îY>ï��M?�Y:���K�j��+¹�d	KC���a���K<�Kא����MEBE;Cא���M:��Y&א�א�×¹�£j?��
Ð�<א���h
�א&?f�K؛�א#.�

)6�(�dÂ?�
�óW��¹�¹א�W��.��£j�j��l�j�fE�£��»�£j�¹��h�א����KCE��í�hoK@א��dE�Wא��l?A�&א�W��Yó�G��h��
MEAB

B��h��¹�א���Y�jא��AME�µ£Kא����ØE#؛א�

)¹(�e�X�¹�WÂ�G�A��h��M�j��M����KCE�¹Y�� K�Wא���W�W��h�¹�_*�Ð�<א���KDC
.�
�

                                                      
7 �� Y���� M�jE	� KÓ� ME�¹Y@E&א��K�jCE#א�ºjCא�� ME?E?��k�¥Tא��KCoK@�K�� MqK%א�eA�� heukaryotes�f@7�� jBC���KCoK@א�� ó·��kC<+�،

YóE=�A��¼MpY
�Y����l�¹�،�Ð=�&א��K�Eא���a��gA�G��¹�،­Y	��.M<oK
�ME�j	j�¹Y@א��LE�Ïא��א�£K
��.�M?E�Wא���KCoK@A��M�K<א��MEא�¥jא��M�¹WAא�
KCoK@א��í�_א�Ï&א�K�Wא��kA
�Y�H��W�K�Wא��M:א�Ï&א�M?E�Wא���KCoK@א��M�¥אY?�	א�gEE?��WC
�¥K��
tK��K�X���Læ¹�M?E�Wא���.. 

8 �`>��LæfoK8>א�lא�¥jא��א¥Y?�	tא�h��dÂ?���K��UB���M?�Y:���¥ój3א�. 
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gEE?��M�u��א�
�
�א��LæM�u���Yא��−38 gEE?���kA
� 
kA���W،�א
�KB£א¼�M�K��f��§¥W�� �W
K��kA
� ñ�KC�� ¥ój3א�dE�Wא��hoK@A��

�¹�M<E��MA�W&א�א�ÐE=א���ºW�.�Yî��<ï��t�W��K	א¥£�MEôB÷�
K�WC�א��¼M�¥¹Yp�M�WEA?א�����´uD�	א�ó)�W��·j@�ó£K&א�¹��،
�ó£K��M>E�¹�·K��$K��X�Tא�a��،א�X=��h���f@7��،KDC��Mא�Y?א�� �W�W
��ó£K&אKDpóY<�¹��.�،ºY�Tא��tK$א�í¹�W�

���j�A���¥¹Yp�´KC��·j@���K	א¥WMEôB÷�h�¹�א�jא�L�.��א#�W�Wא&�ó£Kא��?M�WEA�א&KC	�M��¹��K�Ð��h�א�W¥א	�K��µj��א�

�W�א�=Xא�K��kA
�K�Wא��א�_Ï&א�dE�Wא��hoK@א��¥K���OÞ�e�X��.�Ð���YÂ�j�&א��K�KEא���ó·��é��Ð7��א�X=א��cEqj��·K��·�

�W?��،dóB<��M�u	�gEE?�� �¹���f@7�K�א&KC	L	�K�א$jEא·�א&MBóB8�£¥א����Yא��h�א��¥¹Y9�·j@�·K@+��ME�K�Y�xא�
��j��Tא�í��K	א¥W¹א��dE�Wא��hoK@א��a�/iא�W��	K��Pî�C&א�א�X=א��¹�.��

�

KDCא&Yö�<Àא&jא£���:�gEE?�MEôB÷���אMAB�3�¹א���KB�אºY�T�¤א��א�>M�u���WE�j�אY�Tאªא�
�
39−�� ·j@�� K�WC
�ó£K&א� ¼�W�W���� M��C�K�aEC8א��� ¹�� M�X�w� µKB<�	א� ó·I�� ،loאX=א��� �K	א¥£MEôB÷��א��?M�WEA�א�

��K	א¥Wא�� h�� K�Ð�� ¹�� M�	KC&א�kA
�dE�:�A�� MA�K?א��ó£K&א¼K�¥¹Yp�·j@E	� �W�W#א�.LÂA:��� W�� ���X�¹א Kó��� µZ
�ó£K&א�
��W�W#א
�hdE�Wא��hoK@א�_א�Ï&א�K�Wא���N�K��·��loאX=א��Pî�C&א�h
�¹���ó£K&אKó��¹�،¼�¦îY>ï�����،�¥¹Y9א��WC
�،¶KE?א��LE�Ï
� K����¹��ó£K&א�í¹�،f�W��¥W8��h��¸X��$אM�K�ó·���K����Læ�،�ó£K&א�ME�E�Ï¹א��MEoKEBE�jEא���ME�KCא��h��،M��K@��

À&א� eA��� ،ME>E�j¹א�î�C� í� M�dE�Wא�� hoK@א��א�_Ï&א� K�Wא�� »¤� .� µj���K�jA<�� g�W?��Læ¹�ºW��.@AD���>ªóY�א&
aÂ�j�&אA���ó£KBloאX=א��¶K;Cא��kA
�K�Y��¹�KÓ�fB�3א��K<E�	tא�µj��e�X�¹�،.�
�
�í�א�=Xא��−40 K�ZE�Y�¹� �ó£K&א� M>E�¹�·K��$K�� X�G��·��Læ�KDC
� Yö�<À&א� �ó£K&א� M�u	� gEE?�� .�h��e�X�� óW��t¹


W£�א�@�KCoK�א�M?E�W�א$ME�א�×���?k�í�א�=Xא�،�·�¹���óg��i��¥K?��a�א��W�W!»WEA?א���Ð;C�.�MóEB@א���K	KE?א��aEê
�Wא¶��	K��KDAEA!�óg���·��LæMBou&א�MEoK8�xא��KEC?א���א.��K
jB2א�ªóY<��X���¼K9���Læ�KB��·KÂ@�
ME�א�Y>�

�¹��ó£KBA��l�K$א�KAB�3א�K�¥MgDEA
�.�
�

• �gEE?��kA
�Læ�،�KCE�¹Îא��M�K��íMEôB÷���·K��ï�אMAB�3��·�א�$K��X�G��،i�>E�¹¹�.�¹Îא��MEC
�·�¹ï�4�Y�a�K���i�K7��kA
�Z^Bô$א��¹.Îא��.��ØE�Tא��MD��h�ó9�¹�.�¹Îא��¶jÑ¹�M�¹Y<&א�M�X=א���א�£K
)�ZEE�¹Îא��aא�j��f���W�W$א��u�K�¹siderophores�(�،ºY���MD��h���¥אY$א�¸K"�¥אY?�	tא�kA
�e�X�¹

� aEC8א��� �א���fÂA�א��¹�¹ g;Cא�� í��K<�T¹א� �W<BA�� MBou&א� MEAE�Bא��� ME:BC� �Y�xא��. M�K�� ´KC�� ·j@�� W�¹
�kA
�M�	KC&א��K	א¥Wא�MEôB÷���[E���Ð�ió��،�í�א�=Xא�א¼�í�א$�tK�א�×��@·j��KDE�א�.�¹Î��îBM�j9£j�j�א�<¿א�

K�� i�7א��L�Y�،א�X=א��í�h���f@7�� KD�uD�	א� ó)�×א���KCE�¹Î�� óg���Æ¹��uD�	א�í�h���f@7�� ¼K?�K	�i

                                                      
9 � MEDE�jא��� «j:%אµj��&א�fE�	�kA
� KDC�¹�،ME�¹Wא���K�W�C&א�í� K�Y�j:��)�M�jB>א�� MEúBï�µK�א%:j»�א��MEDE�j�K���t¥��£¥א	�K�א�

&�M<�Kא���،¶jB��.MOECD��¹א��MB;C»EBC�א��>¹K·�אK8��t£א�
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��¥K�M>E�¹��،�e�¤¹א�=Xא�tא�.<��X�Tא�a��.�¹Îא��ME�j�jEא��M?E�Wא���KCoK@א��fא�£E��،�´א¤�·K�� KB�
�¹Y<�¼K. 
• ÷��א	�KD�uD��f@7���h�í�א�=Xא��Læ��KDBEE?���Ð�א�MECE�¹Î�¹א�×�Æ�MEÁYæ�אMAB�3��jBAא£ôBóא�
Á¹îWô��kA
�M�K��f���W
K?��¼K?��،�M�j��kA
�£KB�
tK��א��£K&�K�ZE�Y�¹>E�¹¹KD��kA
¹�ME�j�jEא����ºW��ªóY<�

KÓ�loאX=א�� ¶K;Cא�� �א�W¥א	�K�א�×�. ­j�Kא��Y���Læ�fB7�� W���KBEE?����،MEB��¹א$Yא��KE�א� ،^�w
¹� ،MC�Z&א� i�
� MEB��A�K�E/�א&MEBMC�Zא��÷¹א� Mא�·K�Y��K�� Ló���� ،M>E�¹� kA
� Y�T¹אf	KCא���¹� ،Áxא¢Kî�ú��

teratogenicity�. 
�
41−���KCoK@א���K>q� h�� 5»G�� ¼M:��Y��N�E�� �¥ój3א� ¹�� ¼K��W�� KDC
� Î<&א�]oK8%א� ó·�� kA
� MC�Îא��Læ

·K��xא�M�8��¼�óY9��·j@��·��h@,�×א��MäK&א��¹.�Læ�¼K9���·KB9���K�jA<��Ð�j�ó·G���KCE#א��Y>E7��MA�K$א�
£K9�� ¹�� ¶jÑא�M�X=��MäK&א��KCoK@א��í� �£j�j&¹א� M�¹Y<��،�� M?E�Wא���KCoK@א�� é��f?�C�� h�:א�Ï&אK�Wא�� M×א���

÷�
h���f��X¸�א��K>8�א��¼�£K
�Yó�<��tM�X=�A���£K9&א�¹��MEB.�
�

• � ME�Kp���K	א¥£� ��@·j��´KC��M�K�Y�xא� W��j��Tא�í� ¹��l$א�hoK@א��fא�£�óf�� �W
K?�� ¼K?�¹�
�� ،�W��kA
� õM�K�� fB�3א� gא�Ïא�� ·K��$K�� X�Tא� a�� ،KDC
� Yö�<&א� �א&jא£ MEóBï	� gEE?��²WD�،ó£אj�� M�T

lא�¥jא��Y�j� �.¹א&��K9E��¹�א&K9£א��א$M�jE�א��Mó�K�¹א�×��W��G7C���M�E¿�א��
�

ME�EoYא���K�j@BA��ME�E�Ïא���uEA��א��
�
42−��uEA!�M�¥K?��óg���·��Læ�ZE�Yא��EoYא���K�ój@&א�ME�10�M?E�£��KCoK��¶אW��	K��M��C&א�M�X�w�:א�Ï���M
K�Wא��»WEA?��Ð;C��fEA!�a��،i�K����ó)²¹Y;א��[>��d�¹��.ó�T�MEoK8�xא�MEB�Tא�KD�;�u��g����K�uא���M¹�Læ

�EB���M�Y<��²WD��¥KE<&א�e�X��ME<E�:א��א�Ð=א���ºW��³KE	�hBp�KDBEE?�iM�jE$א��.apjא��í،f��Tא��æ�·��L
�·j@�ï	��¹��§K	��gEE?א���אX��í�MAB<��
h��Xא�]�א&?M�¥K�א&��¥K�
�Wא¶���	K��i�K����ó)�KCE#א�f�K1L�Y?א��K�m����

isogenic parent strain.��K��،M�¥K?&א�¸X��h��M�K=א��א¦«j�gEE?��a��א�©j8ß�ó·���K����j��،�¥¹Y9א��WC
�ªóY<��
	�kA
�Yó�H��·��h@,�×א��א£j&אA
�óL�Ï��W��M?�Y:��K�Y�j!�ÁYæ�Æ�،א�X=א��M�u·K��xא�M�q�kA
��ó¥Kp�¥K���KDE.�

�

                                                      
10 �loאX=א��¶K;Cא��kA
�»Y�j��Y���KÓ�·j@��W��×¹א��>.��א�X��í��£j�j&א��K�j@&א�eA��l��ME�EoYא���K�X=&א�א�£K9�¹�ME�EoYא���K�X=&א

lA@א�� .�ME	K	���K�j@�� Kó���·j@��W�¹)�·j�£א�¥W�K�j�Y�¹��KCE�¹Y�¹�(��K��Y��¹��؛�K�X=BA��א�£K9B���K,Z�Tא�aא�j�¹�،�K�X=B�
�M�j�K�)�KCE�K�E>¹א��·£K<&א�.(�»Xא��j��M?E�Wא���KCoK@א��W���ó·G��²¹Y<&¹א��Y:%א�MEúBï��ME��l��eA�א&�K��Y�¤א��א�EoYא��M�K�א&jא£�א�

j����·j@��W��×א�� ��،KD�K��I���eA�א&jא£ ¶j?�M�
kA�א�8� Áh�Y:��MEúBï��א� KD�E�K<�¹� Kא�� .�aEC8��í� ¼K�WEA?��MAB<���א& M?E�Wא���KCoK@א�
 K��xא�²¹Y��hBp��K��Y&א�¸X��f���P�Cï��KDó���¼�£K
�KDC
�²îY<ï��t�א�X=א�. 
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�K9E�&א�gEE?��
�
43−��^<�M?E�Wא���KCoK@א��א�:א&Ï�K�Wא��M�¥ój��·j@��K+¥�M?�Y:��h
�Y>���·��KD�G
�h��¹���W�W���K�j����

��K9E�BA���¥ójâ�M>A���Wא¶��¸X�í�א&�	K��M��C&א�M�X�Tא�KCoK@א�.��K�j����W�W!�g���KB�E�¹��¥ójâ�ME9���í�
·K��xא�M�q�kA
�MAB�3א�¥K�zא�í�Y;Cא��Lא�jא��hB��،M�X�Tא،�f���M�u	��K��x�M�WEA?א���א�א�Y�xא�א¶W��	K��

��K9E�&א�¸X�)�£אj&א�M�u	�gEE?��א�א�Y�I�·K��y��M�X�Tא�í�MEoKEBE@א�.(�
�
���K�j�א&�−44��fB<�� W�M?E�Wא���KCoK@א�� W��� KD�����×¹א�� �¥ój3א� ¹�� �W�W#א��K9E��&א�:אÏ�kA
� K�Wא�� M

�í�M?E�Wא���KCoK@א����Ð7
�ÐE=�M
¥Z�،M:EA��ój*�Y�Kã��£K�¦�é��»£H��W��K��j�¹��£אj��gא�Y��¹���ó¥Kp��KCoK��
�ó¥Kp.��.<��dE�£�hoK@��lא�¥jא�� Y�j��A�� MAB�3א�¥K�zא� gEE?��Læ"�¸KM?E�Wא���KCoK@א��h�� ¸Ð�WC
�א	��Wא¶��
�M
¥Z�M?E�Wא���KCoK@A��M:EA��í�KB��،א�X=א��aEC8��í�¹ZE&¹א�،l<E�:א��א#/� K���K�j8א��M8Aîq¹�،.�
�

M�X�Tא�aEC8��¥K���
�
45−�Læ� M	£¥א�א� M�X�Tא� kA
� ،l�ZC&א� 
Wא£xא� KDCB9�¹� �א�=Xא�، aEC8��� MAB�3א� ¥K�zא&W��	K�� M��C�¶א

K�Wא��M:א�Ï&א�M?E�Wא���KCoK@א��.��،µK�&א�fE�	�kA<�א�Ð=���W!�W�¶jB���¹�WMא�EAא��í�אt	�Y?א¥�א$Yא¥«�W�T�א�
»jE$א� Wא�jא��� í�aEC8א��� W<�� M�KÓא� �K�úX=&א� W�T� .�aEC8א��� ²¹Y;�� ¼K>q¹� ¶óW?�� �K�jA<�� Ð�j�� Læ� �Xא
� K����í�M�W���
h��A/�א�YאLoא�<l��M�K�.��Xא�õ��Kא&��K�jA<��Ð�j��Læ�،¼u���j*�M
�.�א�@hoK�²¹Y�¹�א�Z¥א

�
ME
KC¿&א�¥K�zא�gEE?��

�

K�WC��j@·�א�−46.�¹Î�/�h
�M"KCא���KCE�¹Îא��gEE?���KD
K9���L�E��،א�X=א��í�¼�£j�j��Ëj��.��²WD���
]���Ló��
kA�א���KD�¥W��ÞME	K��ME��ó·�אY�Tא£�.�¥��í�Y;Cא��Læ�¹��.�¹ÎA��ME	K���¼uq��gD�W��·j@��W��

ME	K����u
K>��ZE>!�kA
�fB<E	�MEoאX=א��א£א�W�xא�í�W����d��¶óW?�.��·��K·�א��¹Î.�א&A&א�א¥£jא��¸X��f�¤�í
pY
�M?E�jא�¼K¼uó8>��¥K��
tא�.<��K�X���Læ�×א��K�K9?א��µj��©j8%א�אXD��.��

�
47−���KCE#א�ó·��ªאÏא��Læ&א�óWB���¥£K8��h��Mî�ú�î�ï�.�Ð�T��Y>E
�fB!�ME	K��A���)ME	K��A��Ló���(،�
� K�e�¤�[@
�kA
�lBA<א��fE�Wא�� h�Î��Æ.��h���KCE#א�f?��»£K>��Læ��KCoK@א��א�×�²¹Y<&א�h�KDó��ï��úED�P

��>îא&ªY�א&¿ ��¤א Ât��،ME	K��K	ME��،.�jA�A��é���Yא£�¹¤«����iC
�g�C��»Xא��»jó·G�� ¼K?ó�j��·K�t�µj?C&א�א#.�
Ló����.�¹Î��¹��.�Ð�T��Y>E
�fBç î��¼KpY�î<.�jA�A��ME	K���iC
�g�C��¼K�j.�

�



17 

48−�lB9Óא�eA��א& í� M
KC&א� ¶K;�� a�� �א�=Xא� í� ¼ME��k?���×א�� K�Wא�� M:א�Ï&א� M?E�Wא���KCoK@א�� f
K>��� W��.
A
��u
K>א���¸XÓ�dE�Wא��]��.k���jא­�א�K�u��t��.�א�@hoK�א�dE�W�א&Ïא�_�א�K�W�Ð;�¹¸�א��?¹»WEA	WB�<E�א�<

�
·K��y��lB9Óא�eA���?gEE��MEA�K�א$�KE�¹א��?�K���KCoK@A�א�M?E�W�í�א&

�
49−��،K�Wא��M:א�Ï&א�M?E�Wא���KCoK@א��א¶W��	K��M�î�C&א�M�X�Tא�M�K��íKDoK?�¹��KCoK@א��¸X��g9Ó�·j@��W?�11�

A
�¥Kא���k�lB9Óא�eA�&)»j<&א�»W<&א�(·K��y�.���KCoK@א��¸X��f�&�¥K���tא�h��W�ZBA��M�K$א�WC����·��Læ¹
MEא�¥jא��א�Y�j��A���£j8?&א�Ð�¹��£j8?&א�¥K�zא�M<E���é�¹�،M�X�Tא�í�»WEA?א���K�Ð;���£j�¹�é��M?E�Wא��.�¶K��·�¹

��KCoK@א��Mא�¦I��loKDCא�� �K=א��Pî�C��aEC8��ME$א�M?E�Wא�)¼u���Z�%א�aCq�í��¥אY$K��M#K<&א�Î
(�¹��،�N�K��·�
� dE�Wא�� hoK@A�� M�K	�Î�<��×א�� MEoKDCא���K��C&א��KBא�Y�)ªKëT¹א� µj�@�K�� (¿M�K��t� õXoWC<�� ،�KE$א� Mא�¦I��

�]��.��KCoK@A�א�M?E�W�í�א�K;C¶�א�=Xא�K?��lo�א��KE�MEA�K�¹�א$�<
�
50−��A�� M��C�K��א�X=א�� Pî�C�� í� ¼ME�� ،KD�K���� í� MAB<���א& K�Wא�� M:א�Ï&א� M?E�Wא�� �KCoK@א�� k?���×א���K?E�:

�،loKDCא�)·K��Tא��K��C��^<��í��KCoK@א��،¼u��(��KE$א�MEA�K��kA
�MC�Îא��iE���j�Y&א�h��·j@��W?��،)�h�¦�¹�
�K?א��� (í�MA�K?&א� �א�=Xא� �W
K��hBp¹�¸W�¹�dE�Wא��hoK@A���g;Cא��í�Ð=8א��»j<&א�NE�îCא��kA
�¸Y��¹�lB9Óא�eA�א&
MBou&א� �א�XAא·�. KB�� »WEA?א��� Ð;Cא�� h
� �K�u��tא� M�¥£¹� lא�¥jא�� Y�j��A�� �£j8?&א� Ð�¹� �£j8?&א� ¥K�zא� M<E��

¥K���tא�אX��f���ºW��Á·א£úW�E	�.�
�

£K9&א�M�¹K?א���jE$א�M.#א�f?�¹��
�
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13 �¶K<��M�Ï7&א��¥j7&א�·G��i��óY?&א�h�2001�h��µK?��tא�N�Ïא��W��M
�B^�אØE�T�í�6���8é��.��MB;C�אM�X�T�¹א�Z¥אA��õMA�KB���îa�K?��
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14 �í�]ó�A���jA	Tא�אX�U.S. Pharmacopoeia (1995)�M�£K��&א�M�u<א��kA
�MC�ÎA��i�KB<�	א�ó)�W�¹�(Astwood et al. 1996). 
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�¹א�Z¥א M�X�Tא� MB;C�� .�� M�Ï7&א� �א%Îא� �¥j7�� Y�Y?��� ¼K?�¹

�M�jE$א�KE�j�jC@22−25(א��l�K��·j�K��/�Y�KC�2001KE�K:���،K�¹¥�،(�h��k�£��óW��h��óW��u��،8�M����®jA���M�u
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17 xא�ME&K<א�� M��א�8 MB;C�¹�M
�¹א�Z¥א M�X�Tא�MB;C��.��M�Ï7&א� �א%Îא� �¥j7��kA
�£j<�� KC�� �¥K
)2001� (� ¥K�� �µj��cqj�אY�xא�
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