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7KH�7\SH�9,�VHFUHWLRQ�V\VWHP��Ͷ�
LQ�E. coli DQG�UHODWHG�VSHFLHV��ͷ�

�͸�
�͹�
�ͺ�

/$85(�-2851(7�$1'�(5,&�&$6&$/(6�
�ͻ�

�ͳͲ�

�ͳͳ�

/DERUDWRLUH�G¶,QJpQLHULH�GHV�6\VWqPHV�0DFURPROpFXODLUHV��/,60���,QVWLWXW�GH�0LFURELRORJLH�ͳʹ�
GH� OD� 0pGLWHUUDQpH� �,00��� &HQWUH� 1DWLRQDO� GH� OD� 5HFKHUFKH� 6FLHQWLILTXH� �&156�� ±� $L[�ͳ͵�
0DUVHLOOH� 8QLYHUVLWp�� 805� ������ ��� &KHPLQ� -RVHSK� $LJXLHU�� ������0DUVHLOOH� &HGH[� ����ͳͶ�
)UDQFH��ͳͷ�

�ͳ͸�
�ͳ͹�
�ͳͺ�
5XQQLQJ�KHDG���7\SH�9,�VHFUHWLRQ�ͳͻ�
�ʹͲ�
�ʹͳ�
�ʹʹ�
&RUUHVSRQGHQFH��(ULF�&DVFDOHV��FDVFDOHV#LPP�FQUV�IU�ʹ͵�

�ʹͶ�
�ʹͷ�
�ʹ͸�
�ʹ͹�
�ʹͺ�
�ʹͻ�
�͵Ͳ�
�͵ͳ�
�͵ʹ�
�͵͵�
&KDUDFWHU�FRXQW�ZLWKRXW�OHJHQG�WR�ILJXUHV�DQG�UHIHUHQFHV��LQFOXGLQJ�VSDFHV����������͵Ͷ�
7DEOH����͵ͷ�
)LJXUHV������͵͸�
�͵͹�
� �͵ͺ�



� ʹ

$%675$&7�͵ͻ�
�ͶͲ�
7KH� 7\SH� 9,� VHFUHWLRQ� V\VWHP� �7�66�� LV� D� PXOWL�SURWHLQ� FRPSOH[� ZLGHVSUHDG� LQ�Ͷͳ�
Proteobacteria� DQG�GHGLFDWHG� WR� WKH�GHOLYHU\�RI� WR[LQV� LQWR�ERWK�SURNDU\RWLF�DQG�HXNDU\RWLF�Ͷʹ�
FHOOV��,W�WKXV�SDUWLFLSDWHV�WR�LQWHU�EDFWHULDO�FRPSHWLWLRQ�DV�ZHOO�DV�SDWKRJHQHVLV��7KH�7�66�LV�D�Ͷ͵�
FRQWUDFWLOH� ZHDSRQ�� UHODWHG� WR� WKH� LQMHFWLRQ� DSSDUDWXV� RI� FRQWUDFWLOH� WDLOHG� EDFWHULRSKDJHV��ͶͶ�
%DVLFDOO\��LW�DVVHPEOHV�DQ�LQQHU�WXEH�ZUDSSHG�E\�D�VKHDWK�OLNH�VWUXFWXUH�DQG�DQFKRUHG�WR�WKH�Ͷͷ�
FHOO�HQYHORSH�via�D�PHPEUDQH�FRPSOH[��7KH�HQHUJ\�UHOHDVHG�E\�WKH�FRQWUDFWLRQ�RI�WKH�VKHDWK�Ͷ͸�
SURSHOV� WKH� LQQHU� WXEH� WKURXJK� WKH�PHPEUDQH�FKDQQHO�DQG� WRZDUGV� WKH� WDUJHW�FHOO��$OWKRXJK�Ͷ͹�
WKH� DVVHPEO\� DQG� WKH� PHFKDQLVP� RI� DFWLRQ� DUH� FRQVHUYHG� DFURVV� VSHFLHV�� WKH� UHSHUWRLUH� RI�Ͷͺ�
VHFUHWHG� WR[LQV��DQG� WKH�GLYHUVLW\�RI�WKH�UHJXODWRU\�PHFKDQLVPV�DQG�RI� WDUJHW�FHOOV�PDNH�WKH�Ͷͻ�
7�66�D�KLJKO\�YHUVDWLOH�VHFUHWLRQ�V\VWHP��7KH�7�66�LV�SDUWLFXODUO\�UHSUHVHQWHG�LQ�Escherichia ͷͲ�
coli SDWKRW\SHV� DQG� Salmonella VHURW\SHV�� ,Q� WKLV� FKDSWHU� ZH� VXPPDUL]H� WKH� FXUUHQW�ͷͳ�
NQRZOHGJH�UHJDUGLQJ�WKH�SUHYDOHQFH��WKH�DVVHPEO\��WKH�UHJXODWLRQ�DQG�WKH�UROHV�RI�WKH�7�66�LQ�ͷʹ�
E. coli��Salmonella DQG�UHODWHG�VSHFLHV��ͷ͵�
�ͷͶ�
�ͷͷ�
,1752'8&7,21�ͷ͸�
�ͷ͹�
7KH� DGDSWDWLRQ� RI� EDFWHULDO� VSHFLHV� LQ� WKHLU� HFRORJLFDO� QLFKH� UHOLHV� RQ� VSHFLILF� UHJXODWRU\�ͷͺ�
FLUFXLWV�WR�DGDSW�WKH�PHWDEROLVP�DQG�WKH�JURZWK�WR�WKH�H[WUDFHOOXODU�FRQGLWLRQV��EXW�DOVR�RQ�WKH�ͷͻ�
UHOHDVH�RI�PROHFXOHV�±�VLGHURSKRUHV��H[RSRO\VDFFKDULGHV�DQG�RU�SURWHLQ�WR[LQV�±�LQ�WKH�PLOLHX��͸Ͳ�
7R� IDFLOLWDWH� WKHLU� WUDQVSRUW� WKURXJK� WKH� SK\VLFDO� EDUULHUV� WKDW� WKH� PHPEUDQHV� UHSUHVHQW��͸ͳ�
SURWHLQ� WR[LQV� DUH� VSHFLILFDOO\� VHOHFWHG� DQG� VHFUHWHG� E\� GHGLFDWHG� PDFKLQHULHV� QDPHG�͸ʹ�
³VHFUHWLRQ�V\VWHPV´��'HSHQGLQJ�RQ�WKH�QDWXUH�RI�WKH�PDFKLQH�LWVHOI�DQG�RQ�WKH�PHFKDQLVP�RI�͸͵�
WUDQVSRUW�RI�WKH�WR[LQV��WKHVH�VHFUHWRU\�SDWKZD\V�DUH�QXPEHUHG�,�,;��0RVW�RI�WKHVH�SDWKZD\V��͸Ͷ�
LQFOXGLQJ�7\SH�,��7�66���7\SH�,,��7�66���7\SH�,,,��7�66���7\SH�,9��7�66�RU�FRQMXJDWLRQ���͸ͷ�
7\SH� 9� �DXWRWUDQVSRUWHUV�� LQWLPLQ�LQYDVLQ� DQG� WZR�SDUWQHU� SDWKZD\V� LQFOXGLQJ� FRQWDFW�͸͸�
GHSHQGHQW� JURZWK� LQKLELWLRQ� V\VWHPV�� DQG� FXUOL�ILPEULDH�FKDSHURQH�XVKHU� SDWKZD\V� DUH�͸͹�
DVVHPEOHG� DQG� DFWLYH� LQ�Escherichia coli DQG� UHODWHG� VSHFLHV� VXFK� DV�Salmonella��Shigella��͸ͺ�
Enterobacter� DQG�Citrobacter�� DQG� WKHUHIRUH� GHWDLOV� UHJDUGLQJ� WKHLU� DUFKLWHFWXUH�� DVVHPEO\��͸ͻ�
PHFKDQLVP� RI� WUDQVSRUW� DV� ZHOO� DV� WKH� HIIHFWRUV� WKH\� GHOLYHU� DUH� GHVFULEHG� LQ� WKH�͹Ͳ�
FRUUHVSRQGLQJ� FKDSWHUV� LQ� (FR6DOPlus�� :H� ZLOO� GHVFULEH� KHUH� RQH� RI� WKH� PRVW� UHFHQWO\�͹ͳ�
LGHQWLILHG�VHFUHWLRQ�SDWKZD\V��WKH�7\SH�9,�VHFUHWLRQ�V\VWHP��7�66���͹ʹ�
�͹͵�
7KH�7�66�LV�D�PXOWL�SURWHLQ�PDFKLQH��ZLGHVSUHDG�LQ�*UDP�QHJDWLYH�Proteobacteria��ZLWK�DQ�͹Ͷ�
RYHU�UHSUHVHQWDWLRQ� LQ� γ�Proteobacteria ������� +RZHYHU�� 7�66�OLNH� PDFKLQHV� KDYH� EHHQ�͹ͷ�
LGHQWLILHG� DQG� FKDUDFWHUL]HG� LQ� RWKHU� SK\OXP�VXFK� DV� LQ�%DFWHURLGHWHV� �����7KH� DVVHPEO\�RI�͹͸�
WKLV�VHFUHWLRQ�V\VWHP�UHTXLUHV����GLIIHUHQW�VXEXQLWV��ZKLFK�DUH�XVXDOO\�HQFRGHG�ZLWKLQ�D�VLQJOH�͹͹�
JHQHWLF� ORFXV�RQ� WKH�FKURPRVRPH� ������� �)LJ���$���%DVLFDOO\�� WKH�7�66�FDQ�EH�YLHZHG�DV� D�͹ͺ�
V\ULQJH�OLNH�VWUXFWXUH�DQFKRUHG�WR�WKH�FHOO�PHPEUDQH�E\�D�WUDQV�HQYHORSH�FRPSOH[�������������͹ͻ�
�)LJ�� �%��� 7KH� 7�66� V\ULQJH� LV� HYROXWLRQDULO\�� VWUXFWXUDOO\� DQG� IXQFWLRQDOO\� UHODWHG� WR� WKH�ͺͲ�
SXQFWXULQJ� WDLOV� RI� FRQWUDFWLOH� WDLOHG� EDFWHULRSKDJHV� �)LJ�� �&��� DOWKRXJK� LW� LV� QRW� NQRZQ�ͺͳ�
ZKHWKHU�WKH�JHQHV�HQFRGLQJ�WKLV�VWUXFWXUH�HPHUJHG�IURP�FR�RSWLRQ�RI�EDFWHULRSKDJH�JHQHV�����ͺʹ�
�����$�ODUJH�GLYHUVLW\�RI�WR[LQ�HIIHFWRUV�KDV�EHHQ�LGHQWLILHG�LQ�WKH�UHFHQW�\HDUV��IURP�HIIHFWRUV�ͺ͵�
SURPRWLQJ� DFWLQ� PRGLILFDWLRQ� DQG� GLVDEOLQJ� HXNDU\RWLF� FHOOV� WR� SHSWLGRJO\FDQ� K\GURODVHV�ͺͶ�
WDUJHWLQJ�FRPSHWLQJ�EDFWHULD��7KHUHIRUH�WKH�7�66�LV�D�YHUVDWLOH�ZHDSRQ�WDUJHWLQJ�FHOOV�UDQJLQJ�ͺͷ�
IURP� EDFWHULD� WR� PDPPDOLDQ� KRVWV�� $Q� H[DPSOH� RI� 7�66�PHGLDWHG� LQWHU�EDFWHULDO� NLOOLQJ�ͺ͸�
EHWZHHQ�HQWHUR�DJJUHJDWLYH�E. coli �($(&��DQG�E. coli .����LV�VKRZQ�LQ�)LJ�����ͺ͹�
 ͺͺ�
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 ͺͻ�
0(&+$1,60�2)�$&7,21�2)�7+(�7�66��ͻͲ�
�ͻͳ�
,Q� WKH� UHFHQW� \HDUV�� VHYHUDO� DVSHFWV� RI� WKH� PHFKDQLVP� RI� DFWLRQ� RI� WKH� 7�66� KDYH� EHHQ�ͻʹ�
GHVFULEHG��*HQHWLF��ELRFKHPLFDO�DQG�VWUXFWXUDO�FKDUDFWHUL]DWLRQ�RI�WKH�GLIIHUHQW�7�66�VXEXQLWV�ͻ͵�
RU�SURWHLQ�FRPSOH[HV�KDYH�GHILQHG�WKH�RYHUDOO�DUFKLWHFWXUH�RI�WKLV�VHFUHWLRQ�DSSDUDWXV��7LPH�ͻͶ�
ODSVH�IOXRUHVFHQFH�PLFURVFRS\�UHFRUGLQJV�KDYH�SURYLGHG�D�G\QDPLF�YLHZ�RQ�KRZ�WKH�V\VWHP�ͻͷ�
ZRUNV��7KHVH�GDWD��FRPELQHG�ZLWK�WKH�NQRZOHGJH�RQ�VLPLODU�FRQWUDFWLOH�VWUXFWXUHV�VXFK�DV�WDLO�ͻ͸�
EDFWHULRSKDJHV�RU�S\RFLQV��DOORZV�WR�GHVLJQ�D�PRGHO�IRU�WKH�PHFKDQLVP�RI�DFWLRQ��������������ͻ͹�
�)LJ������7�66�ELRJHQHVLV�VWDUWV�ZLWK� WKH�DVVHPEO\�RI� WKH�PHPEUDQH�FRPSOH[��0&��DQG� WKH�ͻͺ�
WDLO�DVVHPEO\�SODWIRUP�±�RU�EDVHSODWH�FRPSOH[��%&���)LJ���D���7KH�V\ULQJH��FRPSRVHG�RI�WKH�ͻͻ�
LQQHU�WXEH�DQG�FDSSHG�E\�WKH�QHHGOH�VSLNH�DQG�ZUDSSHG�E\�D�FRQWUDFWLOH�VWUXFWXUH��WKH�VKHDWK��ͳͲͲ�
WKHQ�SRO\PHUL]HV�WR�IRUP�D�VHYHUDO�KXQGUHGV�RI�QP�ORQJ�WXEXODU�VWUXFWXUH��)LJ���E�F���'XULQJ�ͳͲͳ�
7�66� DVVHPEO\�� WR[LQ� HIIHFWRUV� DUH� ORDGHG� LQWR� WKH� WXEH� RU� DVVRFLDWH�ZLWK� WKH� VSLNH� WULPHU��ͳͲʹ�
&RQWUDFWLRQ�RI�WKH�VKHDWK�SURSHOV�WKH�LQQHU�WXEH�VSLNH��DOORZLQJ�SHUIRUDWLRQ�RI�WKH�WDUJHW�FHOO�ͳͲ͵�
PHPEUDQH�DQG�GHOLYHU\�RI�WKH�HIIHFWRUV��)LJ���G���7KH�FRQWUDFWHG�VKHDWK�LV�WKHQ�GLVDVVHPEOHG�ͳͲͶ�
DQG�UHF\FOHG�E\�D�GHGLFDWHG�$73DVH�QDPHG�&OS9��)LJ���H�I���ͳͲͷ�
�ͳͲ͸�
:H�ZLOO�GHVFULEH�LQ�WKH�QH[W�VHFWLRQV�WKH�JHQHWLF�RUJDQL]DWLRQ��WKH�SUHYDOHQFH�RI�7�66�JHQH�ͳͲ͹�
FOXVWHUV�� WKH� UHJXODWRU\� PHFKDQLVPV� XQGHUO\LQJ� WKHLU� H[SUHVVLRQ�� DV� ZHOO� DV� WKH� VWUXFWXUH��ͳͲͺ�
DVVHPEO\� DQG� UROHV� RI� WKLV� VHFUHWLRQ� PDFKLQH�� HPSKDVL]LQJ� WKH� FXUUHQW� NQRZOHGJH� RQ� WKH�ͳͲͻ�
7�66�LQ�E. coli��Salmonella DQG�UHODWHG�VSHFLHV��ͳͳͲ�
�ͳͳͳ�
�ͳͳʹ�
*(1(7,&� 25*$1,=$7,21� $1'� 35(9$/(1&(� 2)� 7�66� *(1(�ͳͳ͵�
&/867(56�,1�E. COLI��SALMONELLA�$1'�5(/$7('�63(&,(6�ͳͳͶ�
�ͳͳͷ�
7\SH� 9,� VHFUHWLRQ� V\VWHP� JHQHV� DUH� GLVWULEXWHG� LQ� *UDP�QHJDWLYH� Proteobacteria� ZLWK� DQ�ͳͳ͸�
RYHU�UHSUHVHQWDWLRQ�LQ�γ�proteobacteria������7KHUHIRUH��7�66�JHQHV�DUH�IRXQG�LQ�PRVW�E. coli ͳͳ͹�
DQG�Salmonella VSHFLHV�H[FHSW�WKH�E. coli�%�DQG�.����ODERUDWRU\�VWUDLQV��7KH�JHQHV�HQFRGLQJ�ͳͳͺ�
FRPSRQHQWV�DQG�WR[LQV�RI�WKH�7\SH�9,�VHFUHWLRQ�V\VWHP�DUH�XVXDOO\�FOXVWHUHG�DQG�JURXSHG�LQWR�ͳͳͻ�
JHQHWLF�LVODQGV���������7KH�*&�FRQWHQW�RI�WKHVH�UHJLRQV�LV�JHQHUDOO\�GLIIHUHQW�IURP�WKDW�RI�WKH�ͳʹͲ�
FRUH�JHQRPH� VXJJHVWLQJ� WKDW� WKH\�KDYH�EHHQ� DFTXLUHG�E\�KRUL]RQWDO� JHQH� WUDQVIHU� ���� ��� ����ͳʹͳ�
7KHVH�JHQH�FOXVWHUV�HQFRGH�WKH����FRUH�FRPSRQHQWV�RI�WKH�7�66��i.e.��DOO�WKH�VXEXQLWV�UHTXLUHG�ͳʹʹ�
WR�DVVHPEOH�D�IXQFWLRQDO�DSSDUDWXV��$GGLWLRQDO�JHQHV�SUHVHQW� LQ� WKHVH�FOXVWHUV�HQFRGH� WR[LQV�ͳʹ͵�
DQG�DQWL�WR[LQV��DGDSWRU�SURWHLQV�WKDW�ELQGV�ERWK�PDFKLQH�FRPSRQHQWV�DQG�WR[LQV��DV�ZHOO�DV�ͳʹͶ�
DX[LOOLDU\�SURWHLQV�UHTXLUHG�IRU� WKH�DVVHPEO\�RI� WKH�DSSDUDWXV�RU�JHQHV�RI�XQNQRZQ�IXQFWLRQ�ͳʹͷ�
WKDW�PLJKW�EH�UHTXLUHG�IRU� WKH�DVVHPEO\�RI�WKH�7�66��WKH�UHFUXLWPHQW�DQG�SURSHU�GHOLYHU\�RI�ͳʹ͸�
WKH�WR[LQ������������$FFRUGLQJ�WR�WKH�JHQH�RUJDQL]DWLRQ�DQG�WR�KRPRORJLHV�VLPLODULWLHV��WKH�E. ͳʹ͹�
coli 7�66�JHQH�FOXVWHUV�FDWHJRUL]H�LQ�WKUHH�GLVWLQFW�SK\ORJHQHWLF�JURXSV��7�66������)LJ��������ͳʹͺ�
7KLV�REVHUYDWLRQ�VXJJHVWV�WKDW�WKHVH�FOXVWHUV�ZHUH�SUHVHQW�LQ�FRPPRQ�DQFHVWRUV�RU�WKDW�JHQHWLF�ͳʹͻ�
H[FKDQJHV�RFFXUUHG�EHWZHHQ�DOO�WKHVH�VWUDLQV�WKDW�PD\�VKDUH�WKH�VDPH�HQYLURQPHQW��+RZHYHU��ͳ͵Ͳ�
WKH�IRUPHU�K\SRWKHVLV�LV�OLNHO\�DV��L��HDFK�RI�WKH�SK\ORJHQHWLF�JURXS�LV�IRXQG�LQ�ERWK�LQWHVWLQDO�ͳ͵ͳ�
�$,(&��($(&��(+(&��(3(&�«��DQG�QRQ�LQWHVWLQDO� �83(&��$3(&��01(&�«�� VWUDLQV� DQG�ͳ͵ʹ�
�LL��WKHVH�JURXSV�DUH�QRW�IRXQG�LQ�EDFWHULD�WKDW�VKDUH�VLPLODU�HQYLURQPHQWV�VXFK�DV�Salmonella�ͳ͵͵�
RU�Enterobacter� VSHFLHV� �VHH� EHORZ��� $PRQJ� WKHVH� WKUHH� SK\ORJHQHWLF� JURXSV�� WKH� 7�66���ͳ͵Ͷ�
�)LJ�� �$�� DQG� 7�66��� �)LJ�� �%�� JHQH� FOXVWHUV� DUH� WKH� PRVW� FRPPRQO\� IRXQG� LQ� E. coli ͳ͵ͷ�
FKURPRVRPHV�� )RU� H[DPSOH�� WKH� SUHYDOHQFH� RI� 7�66���� 7�66��� DQG� 7�66��� LQ� $3(&�ͳ͵͸�
JHQRPHV�LV�����������DQG������UHVSHFWLYHO\�����������,QWHUHVWLQJO\������RI�WKH�7�66��$3(&�ͳ͵͹�
VWUDLQV� EHORQJ� WR� WKH� YLUXOHQW� SK\ORJHQHWLF� JURXSV� ����� ����� � ,W� LV� ZRUWK\� WR� QRWH� WKDW�� LQ�ͳ͵ͺ�



� Ͷ

JHQHUDO��WKH�7�66���JHQH�FOXVWHU�LV�RYHU�UHSUHVHQWHG�LQ�SDWKRJHQLF�VWUDLQV�ZLWK�KLJK�YLUXOHQFH�ͳ͵ͻ�
WUDLWV�� 7KLV� LV� SDUWLFXODUO\� FOHDU� IRU� HQWHUR�DJJUHJDWLYH� E. coli �($(&��� LQ� ZKLFK� 7�66����ͳͶͲ�
VWUDLQV� �e.g.�� ����� FDXVH� GLDUUKRHD� ZKHUHDV� 7�66���� VWUDLQV� �e.g.�� ������ ��E�� IDLO� WR� HOLFLW�ͳͶͳ�
GLDUUKRHD�LQ�KXPDQ�YROXQWHHUV�������+RZHYHU��WKHVH�SUHYDOHQFH�LQIRUPDWLRQ�VKRXOG�EH�WDNHQ�ͳͶʹ�
ZLWK�FDUH�DV�WKLV�GRHV�QRW�QHFHVVDULO\�PHDQ�WKDW�7�66V�DUH�GLUHFWO\�LQYROYHG�LQ�SDWKRJHQHVLV��ͳͶ͵�
EXW� WKH\� PD\� SUHSDUH� WKH� JURXQG� IRU� YLUXOHQFH� IDFWRUV� E\� FOHDULQJ� WKH� QLFKH� RI� SRWHQWLDO�ͳͶͶ�
EDFWHULDO� FRPSHWLWRUV�� ,QGHHG�� 7�66��� DQG� 7�66��� JHQH� FOXVWHUV� DUH� DOVR� IRXQG� LQ� QRQ�ͳͶͷ�
SDWKRJHQLF� VWUDLQV� RI�E. coli VXFK� DV�E. coli�:� ����� )LJ�� �%��� KRZHYHU�� LQ� WKLV� VWUDLQ�� WKH�ͳͶ͸�
7�66��� FOXVWHU� LV� LQDFWLYDWHG� E\� LQVHUWLRQ� RI� D� PRELOH� HOHPHQW� ����� DQG� LW� LV� QRW� NQRZQ�ͳͶ͹�
ZKHWKHU�LW�LV�IXQFWLRQDO��ͳͶͺ�
�ͳͶͻ�
:LWK� WKH�H[FHSWLRQ�RI�Shigella sonnei DQG�S. enterica *DOOLQDUXP��ZKLFK�FDUU\�7�66���OLNH�ͳͷͲ�
JHQH� FOXVWHUV� �)LJ�� �%��� WKH� 7�66� JHQHWLF� RUJDQL]DWLRQ� LQ� Salmonella�� Citrobacter� RU�ͳͷͳ�
Enterobacter� VSHFLHV� LV� GLVWLQFW� IURP� WKH� E. coli 7�66����� ORFL�� ,Q� Salmonella enterica�ͳͷʹ�
VHURW\SHV��7�66V�EHORQJ�WR�ILYH�SK\ORJHQHWLFDOO\�GLVWLQFW� IDPLOLHV��QDPHG�DV� WKH�Salmonella ͳͷ͵�
SDWKRJHQLFLW\� LVODQG� �63,�� WKH\� DUH� HQFRGHG� RQ�� 7�66V� DUH� IRXQG� LQ� 63,��� LQ� S. enterica ͳͷͶ�
7\SKLPXULXP��63,�����VLPLODU�WR�7�66����LQ�S. enterica 'XEOLQ��*DOOLQDUXP�RU�(QWHULGLV��63,�ͳͷͷ�
��� DQG� 63,���� LQ� S. enterica $UL]RQDH� DQG� 63,���� LQ� S. bongori ����� ���� �)LJ�� �� DQG� ����ͳͷ͸�
+RZHYHU�� 63,��� 7�66� UHPQDQW� JHQHV� DUH� IRXQG� LQ� VHURW\SHV (QWHULGLV� DQG� *DOOLQDUXP�ͳͷ͹�
VXJJHVWLQJ�WKHVH�JHQHV�KDYH�EHHQ�ORVW�GXULQJ�HYROXWLRQ��7KHVH�7�66�ORFL�DUH�FKDUDFWHUL]HG�E\�ͳͷͺ�
WKH� SUHVHQFH� RI� QRQ�FRUH� JHQHV� LQVHUWHG� LQ� EHWZHHQ� WKH� FRUH� HOHPHQWV� ������ ,Q� S. enterica ͳͷͻ�
7\SKLPXULXP� /7��� WKH� RUJDQL]DWLRQ� RI� WKH� 63,��� FRUH� JHQHV� LV� GLIIHUHQW� IURP� WKH�E. coli ͳ͸Ͳ�
VSHFLHV� EXW� UDWKHU� VKDUHV� V\QWHQ\� ZLWK� GLVWDQWO\� VWUDLQV� VXFK� DV� Burkholderia mallei DQG�ͳ͸ͳ�
Ralstonia eutropha ������7KHUHIRUH��Salmonella 7�66V�GHULYH�IURP�QRQ�E. coli�FOXVWHUV��DQG�ͳ͸ʹ�
KDYH� HYROYHG� IURP� WKH� RULJLQDO� FOXVWHU�V�� E\� WKH� DFTXLVLWLRQ� RI� QRQ�FRUH� PRGXOHV�� 7KHVH�ͳ͸͵�
PRGXOHV�PLJKW�KDYH�EHHQ�WUDQVIHUUHG�EHWZHHQ�VWUDLQV�DV�D�hcp-tae4-tai4 PRGXOH�HQFRGLQJ�DQ�ͳ͸Ͷ�
+FS� SURWHLQ� DQG� DQ� DPLGDVH�LPPXQLW\� SDLU� LV� IRXQG� LQ� ERWK� S. enterica 7\SKLPXULXP DQG�ͳ͸ͷ�
Enterobacter cloacae DOWKRXJK� WKH� FRUH� JHQHV� GLIIHU ������ 7KH� DGGLWLRQ� RI� WKHVH� GLVWLQFW�ͳ͸͸�
PRGXOHV�GXULQJ�HYROXWLRQ�PD\�FRQIHU�VSHFLDOL]HG�IXQFWLRQV�WR�WKHVH�7�66V��ͳ͸͹�
�ͳ͸ͺ�
$� UHPDUNDEOH� GLIIHUHQFH� EHWZHHQ� WKH� 7�66V� LQ� Escherichia DQG� Salmonella� VWUDLQV� LV� WKH�ͳ͸ͻ�
QDWXUH� RI� WKH� WR[LQ� HIIHFWRUV�� 7�66���OLNH� FOXVWHUV� JHQHUDOO\� HQFRGH� HIIHFWRU� EHORQJLQJ� WR�ͳ͹Ͳ�
SKRVSKROLSDVHV��7�66���FOXVWHUV�KDYH�UHFRPELQDQW�KRW�VSRWV��5KV��HOHPHQWV�EHDULQJ�SXWDWLYH�ͳ͹ͳ�
DFWLYLWLHV� ZKHUHDV� S. enterica 63,��� DQG�Enterobacter cloacae 7�66� JHQH� FOXVWHUV� HQFRGH�ͳ͹ʹ�
DPLGDVHV�DQG�5KV�OLQNHG�DQWL�EDFWHULDO�DFWLYLWLHV��7DEOH����)LJ���%�DQG�����ͳ͹͵�
�ͳ͹Ͷ�
,Q�DGGLWLRQ� WR� WKH�PDLQ�7�66�JHQH�FOXVWHUV�� DGGLWLRQDO� LVODQGV�HQFRGLQJ�+FS��9JU*��3$$5�ͳ͹ͷ�
DQG�SXWDWLYH�WR[LQV�FRXOG�EH�IRXQG�GLVVHPLQDWHG�RQ�WKH�JHQRPH��$V�+FS�DQG�9JU*�KDYH�EHHQ�ͳ͹͸�
VKRZQ� WR� EH� FDUULHUV� IRU� WKH� WUDQVSRUW� RI� WKH� HIIHFWRUV�� WKH� H[LVWHQFH� RI� �+FS�9JU*� LVODQGV�ͳ͹͹�
VXJJHVWV� WKDW� WKH\� FRUUHVSRQG� WR� DGGLWLRQDO�PRGXOHV� WKDW� DGDSW� WR� WKH� FRUH�PDFKLQH� IRU� WKH�ͳ͹ͺ�
GHOLYHU\� RI� VSHFLILF� WR[LQV�� ,Q� VHYHUDO� LQVWDQFHV�� WKHVH� VPDOO� LVODQGV� DUH� LQVHUWHG�ZLWKLQ� WKH�ͳ͹ͻ�
FRUH�JHQH�FOXVWHU��$V�GHVFULEHG�DERYH��WKLV�LV�SDUWLFXODUO\�YLVLEOH�LQ�WKH�FDVH�RI�WKH�Salmonella ͳͺͲ�
enterica VS��7\SKLPXULXP�63,���JHQH�FOXVWHU��LQ�ZKLFK�DGGLWLRQDO�LVODQGV�DUH�LQVHUWHG�ZLWKLQ�ͳͺͳ�
FRUH�JHQHV� ��������� �)LJ������ ,W� LV� DOVR�YHU\�FOHDU�ZKHQ�FRPSDULQJ�7�66�JHQH�FOXVWHUV� IURP�ͳͺʹ�
GLVWLQFW�E. coli VSHFLHV��e.g.�� D�vgrG-tle-tli-paar IUDJPHQW� LV� IRXQG� LQ� WKH�T6SS-1-OLNH�7�66�ͳͺ͵�
RSHURQV�LQ�($(&������$,(&�/)���DQG�83(&�87�����EXW�ZLWK�GLIIHUHQFHV�LQ�WKH�vgrG JHQH�ͳͺͶ�
DQG�LQ�WKH�HIIHFWRU�LPPXQLW\�SDLU��7OH�HIIHFWRUV�RI�IDPLOLHV������DQG���UHVSHFWLYHO\���)LJ���$�ͳͺͷ�
DQG�7DEOH�����ͳͺ͸�
�ͳͺ͹�



� ͷ

0RVW� RI� WKH� VWUDLQV� FRQWDLQ� VHYHUDO� FRSLHV� RI� 7�66� JHQH� FOXVWHUV�� WKLV� PXOWLSOLFLW\� OLNHO\�ͳͺͺ�
FRUUHVSRQGLQJ�WR�YDULRXV�OLIHVW\OHV��DQG�WKXV�PLJKW�EH�UHIOHFWHG�E\�WKH�UHJXODWRU\�PHFKDQLVPV�ͳͺͻ�
DQG� WKH� WDUJHW� FHOOV� ������+RZHYHU�� OLWWOH� LQIRUPDWLRQ� DUH� DYDLODEOH� UHJDUGLQJ�ZKHWKHU� WKHVH�ͳͻͲ�
FOXVWHUV� DUH� GLIIHUHQWO\� UHJXODWHG�� KDYH� GLVWLQFW� IXQFWLRQV� RU� VLPLODU� IXQFWLRQV� LQ� GLIIHUHQW�ͳͻͳ�
FRQGLWLRQV��,Q�($(&�������WZR�7�66V�DUH�HQFRGHG�ZLWKLQ�WKH�pheU SDWKRJHQLFLW\�LVODQG�������ͳͻʹ�
%RWK�7�66V�KDYH�DQWL�EDFWHULDO�DFWLYLWLHV������EXW�DUH�H[SUHVVHG�LQ�GLIIHUHQW�FRQGLWLRQV��ZKLOH�ͳͻ͵�
WKH�7�66���FOXVWHU� LV� XQGHU� WKH� FRQWURO�RI� WKH�)XU� UHSUHVVRU� DQG�KHQFH� LQGXFHG�GXULQJ� LURQ�ͳͻͶ�
VWDUYDWLRQ������� WKH� 7�66��� FOXVWHU� LV� XQGHU� WKH� FRQWURO� RI� $JJ5�� WKH� DJJUHJDWLRQ� PDVWHU�ͳͻͷ�
UHJXODWRU� DQG� LV� H[SUHVVHG� LQ� KRVW� FHOOV� RU� LQ� V\QWKHWLF� PHGLD�PLPLFNLQJ� WKH� PDFURSKDJHV�ͳͻ͸�
HQYLURQPHQW� ������ 7KH� UHJXODWRU\� PHFKDQLVPV� DQG� IXQFWLRQ� RI� WKH�E. coli DQG� Salmonella ͳͻ͹�
7�66V�DUH�GHVFULEHG�LQ�PRUH�GHWDLOV�LQ�WKH�FRUUHVSRQGLQJ�SDUDJUDSKV�EHORZ��ͳͻͺ�
�ͳͻͻ�
�ʹͲͲ�
%,2*(1(6,6�$1'�$5&+,7(&785(�2)�7+(�7�66�ʹͲͳ�
�ʹͲʹ�
7KH� 7�66� SURWHLQV� DVVHPEOH� WZR� PRGXOHV� ZLWK� GLIIHUHQW� HYROXWLRQ� KLVWRU\�� $V� GHVFULEHG�ʹͲ͵�
DERYH��WKH�F\WRSODVPLF�V\ULQJH�OLNH�VWUXFWXUH�GHULYHV�IURP�WKH�EDFWHULRSKDJH�FRQWUDFWLOH�WDLO�RU�ʹͲͶ�
FR�HYROYHG�ZLWK�LW�IURP�D�FRPPRQ�DQFHVWRU��7KH�DVVHPEO\�RI�ERWK�VWUXFWXUHV�IROORZ�D�VLPLODU�ʹͲͷ�
VNHWFK��� WKH�+FS� WDLO� WXEH� SURWHLQ� SRO\PHUL]HV� WR� IRUP� WKH� LQQHU� WXEH�� DQG� LV� WLSSHG� E\� WKH�ʹͲ͸�
9JU*� PHPEUDQH�SHQHWUDWLQJ� QHHGOH�� $� VKHDWK�OLNH� VWUXFWXUH�� FRQVWLWXWHG� RI� WKH� 7VV%&�ʹͲ͹�
SURWHLQV�� SRO\PHUL]HV� LQ� DQ� H[WHQGHG��PHWDVWDEOH� FRQIRUPDWLRQ� DURXQG� WKLV� LQQHU� WXEH��7KLV�ʹͲͺ�
WZR�OD\HUHG�WXEXODU�HGLILFH��XVXDOO\�KXQGUHGV�RI�QDQRPHWHUV�ORQJ��LV�DVVHPEOHG�RQ�D�SODWIRUP�ʹͲͻ�
FDOOHG�WKH�EDVHSODWH�FRPSOH[�������7KH�%&�LV�WHWKHUHG�WR�WKH�FHOO�HQYHORSH�YLD�FRQWDFWV�ZLWK�ʹͳͲ�
WKH� VHFRQG� PRGXOH�� WKH� PHPEUDQH� FRPSOH[� ����� ����� 7KLV� 0&� LV� FRPSRVHG� RI� WKUHH�ʹͳͳ�
VXEXQLWV�GLVWULEXWHG� LQWR� WKH� LQQHU� DQG� RXWHU� PHPEUDQHV�� 7ZR� RI� WKHVH� VXEXQLWV� VKDUH�ʹͳʹ�
VHTXHQFH� KRPRORJLHV� ZLWK� WZR� FRPSRQHQWV� RI� WKH� 7\SH� ,9E� VHFUHWLRQ� V\VWHP� IRXQG� LQ�ʹͳ͵�
Legionella pneumophila RU�Coxiella burnetii ���������ʹͳͶ�
7KH�EHVW�FKDUDFWHUL]HG�7�66�LQ�E. coli VWUDLQV�DQG�UHODWHG�VSHFLHV�LV�WKH�($(&�7�66����6FL����ʹͳͷ�
PDFKLQHU\��7KH�ELRJHQHVLV�RI�WKH�7�66�VWDUWV�ZLWK�WKH�IRUPDWLRQ�RI�WKH�PHPEUDQH�FRPSOH[��ʹͳ͸�
7KH�0&� VHUYHV� DV� D� FRQGXLW� IRU� WKH� SDVVDJH� RI� WKH� +FS�9JU*� QHHGOH� GXULQJ� FRQWUDFWLRQ��ʹͳ͹�
'XULQJ�7�66�ELRJHQHVLV��LW�LV�WKH�ILUVW�VWUXFWXUH�WR�EH�DVVHPEOHG��0RVW�FHOOV�DVVHPEOH���WR���ʹͳͺ�
0&V� WKDW� UHPDLQ� VWDWLF� ������ )OXRUHVFHQFH� PLFURVFRS\� H[SHULPHQWV� VKRZHG� WKDW� LWV�ʹͳͻ�
ORFDOL]DWLRQ� LV� QRW� VSDWLDOO\� UHVWULFWHG� WR� WKH� FHOO� SROH� RU� WR� WKH� VHSWXP� EXW� UDWKHU� WKDW� LW� LV�ʹʹͲ�
UDQGRPO\�GLVWULEXWHG� LQ� WKH�FHOO�HQYHORSH�������7KH�0&�LV�FRPSRVHG�RI� WKUHH�SURWHLQV��)LJ��ʹʹͳ�
�$�DQG��%��� WKH�RXWHU�PHPEUDQH�7VV-� OLSRSURWHLQ�DQG� WKH� LQQHU�PHPEUDQH�7VV/�DQG�7VV0�ʹʹʹ�
SURWHLQV� ��������� 7KH� ($(& 7VV-� OLSRSURWHLQ� LV� WHWKHUHG� WR� WKH� RXWHU� PHPEUDQH� YLD� DF\O�ʹʹ͵�
FKDLQV�EXW�IDFHV�WKH�SHULSODVP�������,WV�WUL�GLPHQVLRQDO�VWUXFWXUH�KDV�EHHQ�VROYHG��VHH�)LJ���&��ʹʹͶ�
�����7VV-�KDV�D�WUDQVWK\UHWLQ�IROG��i.e.��D�β�VDQGZLFK�RI�WZR�β�VKHHWV��7ZR�ORRSV��QRWDEO\�WKDW�ʹʹͷ�
FRQQHFWLQJ�β�VWUDQGV���DQG����PHGLDWH�FRQWDFW�ZLWK�WKH�7VV0�&�WHUPLQDO�GRPDLQ���������������ʹʹ͸�
7VV0� LV� D� ����N'D� ODUJH� SURWHLQ�� FRPSRVHG� RI� WKUHH� WUDQV�PHPEUDQH� VHJPHQWV� LQ� LWV� 1�ʹʹ͹�
WHUPLQDO� WKLUG��ZKHUHDV� WKH�����RI� WKH�SURWHLQ�H[WHQGV� WKURXJK�WKH�SHULSODVP��IURP�WKH� LQQHU�ʹʹͺ�
PHPEUDQH� WR� WKH� RXWHU�PHPEUDQH�DQFKRUHG�7VV-� OLSRSURWHLQ� ����� �����5HFHQWO\�� WKH� FU\VWDO�ʹʹͻ�
VWUXFWXUH�RI� WKH�&�WHUPLQDO�SRUWLRQ�RI� WKH�SHULSODVPLF�UHJLRQ�RI�7VV0�LQ�FRPSOH[�ZLWK�7VV-�ʹ͵Ͳ�
KDV� EHHQ� VROYHG� �)LJ�� �&��� ,W� LV� FRPSRVHG� RI� WZR� GRPDLQV�� 7KH� VWUXFWXUH� FRQILUPHG� WKDW�ʹ͵ͳ�
FRQWDFWV�EHWZHHQ�WKH�WZR�SDUWQHUV�DUH�HVWDEOLVKHG�E\�LQWHUDFWLRQV�RI�WKH�7VV0�&�WHUPLQDO�β�ʹ͵ʹ�
GRPDLQ�ZLWK�ORRSV�/����DQG�/����RI�7VV-�������,QWHUHVWLQJO\��WKLV�β�GRPDLQ�LV�IROORZHG�E\�DQ�ʹ͵͵�
α�KHOL[��FRORUHG�SXUSOH�LQ�)LJ���&��WKDW� LQVHUWV�LQWR�WKH�RXWHU�PHPEUDQH��WKH�LQVHUWLRQ�EHLQJ�ʹ͵Ͷ�
IDFLOLWDWHG�E\� WKH�7VV-� OLSRSURWHLQ�������7KH�����DPLQR�DFLG� ORRS�ORFDWHG�EHWZHHQ�70��DQG�ʹ͵ͷ�
70�� VKDUHV� DQ� 173DVH� IROG�� DOWKRXJK� WKH� SUHVHQFH� RI� :DONHU� $� DQG� %� PRWLIV� LV� QRW�ʹ͵͸�
FRQVHUYHG� DPRQJ�7VV0�KRPRORJXHV��7VV0�FRQWDFWV�7VV/��ZKLFK� LV� FRPSRVHG�RI� D�∼� ����ʹ͵͹�
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DPLQR�DFLG� F\WRSODVPLF� GRPDLQ� DQFKRUHG� WR� WKH� LQQHU� PHPEUDQH� E\� D� XQLTXH� &�WHUPLQDO�ʹ͵ͺ�
WUDQV�PHPEUDQH�VHJPHQW��FDWHJRUL]LQJ�7VV/�DV�D�&�WDLO�SURWHLQ�������7KH�SURSHU�LQVHUWLRQ�RI�ʹ͵ͻ�
WKLV�&�WDLO� SURWHLQ� UHTXLUHV� WKH�<LG&�SURWHLQ� DQG� WKH� FRQWULEXWLRQ�RI� WKH�'QD.�F\WRSODVPLF�ʹͶͲ�
JHQHUDO� FKDSHURQH� ������ 7KH� VWUXFWXUH� RI� WKH� ($(&� 7VV/� F\WRSODVPLF� GRPDLQ� KDV� EHHQ�ʹͶͳ�
UHSRUWHG� ������ ,W� LV� FRPSRVHG� RI� WZR� EXQGOHV� RI� WKUHH� α�KHOLFHV�� ZLWK� D� JHQHUDO� VKDSH�ʹͶʹ�
UHVHPEOLQJ�D�ILVK�KRRN��)LJ���'�������,Q�VHYHUDO�LQVWDQFHV��WKH�7VV/�&�WHUPLQXV�LV�IXVHG�WR�DQ�ʹͶ͵�
DGGLWLRQDO� GRPDLQ� RI� WKH� 2PS$�3DO�0RW%� IDPLO\� WKDW� PHGLDWHV� FRQWDFW� ZLWK� WKH�ʹͶͶ�
SHSWLGRJO\FDQ� ������ ,Q� WKH�7�66���RI�($(&�DQG�RWKHU�E. coli SDWKRW\SHV�� WKH�7VV/�SURWHLQ�ʹͶͷ�
LQWHUDFWV�GLUHFWO\�ZLWK�DQ�DGGLWLRQDO�FRPSRQHQW��7DJ/��ZKLFK�FDUULHV�WKLV�PRWLI��In vivo DQG�in ʹͶ͸�
vitro VWXGLHV� KDYH� VKRZQ� WKDW� WKLV� GRPDLQ� DQFKRUV� WKH� 7�66� WR� WKH� FHOO� ZDOO�� DQG� WKDW�ʹͶ͹�
PXWDWLRQV� SUHYHQWLQJ� 7DJ/� LQWHUDFWLRQ�ZLWK� WKH� SHSWLGRJO\FDQ� DEROLVK� 7�66� IXQFWLRQ� ������ʹͶͺ�
7KH�VWUXFWXUH�RI�WKH�($(&�7VV-/0�FRPSOH[�KDV�EHHQ�UHFHQWO\�VROYHG�DW������c�UHVROXWLRQ�E\�ʹͶͻ�
QHJDWLYH�VWDLQ�HOHFWURQ�PLFURVFRS\��)LJ���(�������7KH�7VV-/0�FRPSOH[�KDV�DQ�RYHUDOO�URFNHW�ʹͷͲ�
VKDSH�VWUXFWXUH�ZLWK���IROG�V\PPHWU\�� ,W� LV�FRPSRVHG�RI����FRSLHV�RI�HDFK�SURWHLQV��DQG� LWV�ʹͷͳ�
EDVH�LV�FRPSRVHG�RI�WKH�7VV/�DQG�7VV0�F\WRSODVPLF�DQG�LQWUD�PHPEUDQH�GRPDLQV��7KH�7VV0�ʹͷʹ�
SHULSODVPLF�GRPDLQV� IRUP����DUFKHV�VWDUWLQJ�IURP�WKH�EDVH�DQG�FRQYHUJLQJ� WR� WKH� WLS�RI� WKH�ʹͷ͵�
VWUXFWXUH�LQ�WZR�OD\HUV�RI���SLOODUV��7KH�DVVHPEO\�RI�WKH�0&�VWDUWV�IURP�WKH�RXWHU�PHPEUDQH�ʹͷͶ�
DQG� SURJUHVVHV� LQZDUG��� WKH� 7VV-� OLSRSURWHLQ� UHFUXLWV� 7VV0� DQG� WKHQ� 7VV/� LV� DGGHG� WR� WKH�ʹͷͷ�
7VV-0� FRPSOH[� ������ 7KH� LQWHULRU� RI� WKH� PHPEUDQH� FRPSOH[� KDV� D� VL]H� VXIILFLHQW� WR�ʹͷ͸�
DFFRPPRGDWH�WKH�9JU*�SURWHLQ��7KH�WLS�FRPSOH[�FORVHV�WKH�VWUXFWXUH�DW�WKH�RXWHU�PHPEUDQH�ʹͷ͹�
DQG�LW�KDV�EHHQ�SURSRVHG�WKDW�ODUJH�FRQIRUPDWLRQDO�FKDQJHV�RFFXU�±�QRWDEO\�D�UH�RUJDQL]DWLRQ�ʹͷͺ�
RI� WKH� SLOODUV� ±� WR� DOORZ� WKH� SDVVDJH� RI� WKH� QHHGOH� XSRQ� VKHDWK� FRQWUDFWLRQ� ������ ,QGHHG��ʹͷͻ�
FRQIRUPDWLRQDO� FKDQJHV� LQ� WKH� SHULSODVPLF� SRUWLRQ� RI� 7VV0� KDYH� EHHQ� UHSRUWHG� LQ�ʹ͸Ͳ�
Agrobacterium tumefaciens�������ʹ͸ͳ�
2QFH�DVVHPEOHG��WKH�0&�VHUYHV�DV�D�GRFNLQJ�VWDWLRQ�IRU�WKH�%&��i.e. WKH�DVVHPEO\�SODWIRUP�RI�ʹ͸ʹ�
WKH�7�66�WDLO��)LJ���$�DQG��%���7KH�7�66�%&�LV�FRQVWLWXWHG�RI�WKH�7VV(���)���*���.�DQG�9JU*�ʹ͸͵�
VXEXQLWV�� ZKLFK� DVVHPEOHV� LQGHSHQGHQWO\� RI� WKH� 0&� ������ ,Q� EDFWHULRSKDJHV�� WKH� PLQLPDO�ʹ͸Ͷ�
EDVHSODWH� LV� FRPSRVHG� RI� VL[� ZHGJHV� �FRQVWLWXWHG� RI� WKH� JS��� JS��� DQG� JS��� SURWHLQV� LQ�ʹ͸ͷ�
EDFWHULRSKDJH�7���WKDW�DVVHPEOH�DURXQG�WKH�VSLNH�FRPSOH[�������7VV(�LV�WKH�7�66�FRXQWHUSDUW�ʹ͸͸�
RI�WKH�EDFWHULRSKDJH�JS���ZHGJH�SURWHLQ��DQG�WKH�VWUXFWXUH�RI�WKH�($(&�7VV(�FDQ�EH�PRGHOHG�ʹ͸͹�
EDVHG� RQ� WKH� VWUXFWXUHV� RI� JS��� KRPRORJXHV� �)LJ�� �&�� ��� ��� ����� 7KLV� VXEXQLW� KDV� EHHQ�ʹ͸ͺ�
VXJJHVWHG�WR�EH�FRQQHFWHG�WR�WKH�VKHDWK��$OWKRXJK�ZH�VWLOO�ODFN�VWUXFWXUDO�LQIRUPDWLRQ�RQ�7VV)�ʹ͸ͻ�
DQG�7VV*��WKHVH�SURWHLQV�VKDUH�OLPLWHG�KRPRORJLHV�ZLWK�WKH�SKDJH�7��JS��DQG�JS���SURWHLQV��ʹ͹Ͳ�
UHVSHFWLYHO\�������,Q�DJUHHPHQW�ZLWK�SKDJH�EDVHSODWH�VWUXFWXUH��D�FRPSOH[�FRPSULVLQJ�7VV(���ʹ͹ͳ�
)���*�DQG�9JU*�FRXOG�EH�SXULILHG�IURP�($(&�������,Q�DGGLWLRQ��LW�KDV�EHHQ�VKRZQ�WKDW�7VV)���ʹ͹ʹ�
*�DQG��.�IRUP�D�VWDEOH�FRPSOH[�LQ�S. marcescens�������2QFH�DVVHPEOHG��WKH�%&�LV�UHFUXLWHG�ʹ͹͵�
WR� WKH� 0&� YLD� PXOWLSOH� FRQWDFWV� LQFOXGLQJ� 7VV.�7VV/�� 7VV.�7VV0� DQG� 7VV*�7VV0�ʹ͹Ͷ�
LQWHUDFWLRQV�����������7KH�KXE�RI�WKH�EDFWHULRSKDJH�±�DQG�SUREDEO\�RI�WKH�7�66�±�EDVHSODWH�LV�ʹ͹ͷ�
WKH�VSLNH�FRPSOH[��7KH�VWUXFWXUH�RI�WKH�7�66�VSLNH�SURWHLQ��9JU*��IURP�XURSDWKRJHQLF�E. coli ʹ͹͸�
&)7����KDV�EHHQ�UHSRUWHG��)LJ���'�������7KLV�PHPEUDQH�SHQHWUDWLQJ�QHHGOH�LV�D�WULPHU�ZLWK�D�ʹ͹͹�
EDVH� WKDW� FRQQHFWV� WR� WKH� LQQHU� WXEH�� IROORZHG�E\�D� UHJLRQ�FRPSRVHG�RI� UHSHDWV� WKDW� IRUP�D�ʹ͹ͺ�
KLJKO\� VWDEOH� WKUHH�VWUDQGHG�β�KHOL[��RU�β�SULVP��7KH� VWUXFWXUH�RI� WKH�β�SULVP�RI� WKH�E. coli ʹ͹ͻ�
2��� 9JU*� SURWHLQ� LV� DOVR� NQRZQ� �)LJ�� �'�� ����� ,Q�PRVW� FDVHV�� DQ� DGDSWRU� SURWHLQ� FDOOHG�ʹͺͲ�
3$$5�LQWHUDFWV�DW�WKH�WLS�RI�9JU*�DQG�VKDUSHQV�LWV�H[WUHPLW\�������7KH�9JU*�SURWHLQV�VLWV�RQ�ʹͺͳ�
WKH�+FS�LQQHU�WXEH��+FS�SURWHLQV�DVVHPEOH�KH[DPHULF�ULQJV�ZLWK�DQ�LQWHUQDO�OXPHQ�RI�a����c�ʹͺʹ�
DQG� DQ� H[WHUQDO� GLDPHWHU� RI�a� ����c��7KH� VWUXFWXUHV�RI� VHYHUDO�+FS�SURWHLQV� IURP�GLYHUVHV�ʹͺ͵�
EDFWHULD�KDYH�EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH��LQFOXGLQJ�WKDW�RI�($(&��)LJ���(�������7KH�+FS�ʹͺͶ�
ULQJV� VWDFN� RQ� HDFK� RWKHU� RQ� D� KHDG�WR�WDLO� RUJDQL]DWLRQ�� DQG� WKLV� DVVHPEO\� LV� VWULFWO\�ʹͺͷ�
FRQWUROOHG� in vivo E\� DGGLWLRQDO�7�66� VXEXQLWV� ����� ����� 7KH� DVVHPEO\� RI� WKH� LQQHU� WXEH� LV�ʹͺ͸�
FRRUGLQDWHG� ZLWK� WKDW� RI� WKH� VKHDWK� EXW� WKH� ULJLG� WXEH� VHUYHV� DV� WHPSODWH� IRU� VKHDWK�ʹͺ͹�



� ͹

SRO\PHUL]DWLRQ�������7KH�VKHDWK��FRPSRVHG�RI�WKH�7VV%�DQG�7VV&�SURWHLQV��LV�WKH�FRQWUDFWLOH�ʹͺͺ�
VWUXFWXUH� WKDW� DVVHPEOHV� LQ� DQ� H[WHQGHG�� PHWDVWDEOH� FRQIRUPDWLRQ� WKDW� VWRUHV� WKH� HQHUJ\�ʹͺͻ�
UHTXLUHG�WR�SURSXOVH�WKH�LQQHU�WXEH�������%\�XVLQJ�WLPH�ODSVH�IOXRUHVFHQFH�PLFURVFRS\��LW�KDV�ʹͻͲ�
EHHQ� VKRZQ� WKDW� WKH� DVVHPEO\� RI� WKH� ���� QP�ORQJ�7�66� WXEH�VKHDWK� LV� FRPSOHWHG� LQ� a� ���ʹͻͳ�
VHFRQGV� DQG� FRXOG� EH� PDLQWDLQHG� LQ� WKH� H[WHQGHG� FRQIRUPDWLRQ� IRU� VHYHUDO� KXQGUHGV� RI�ʹͻʹ�
VHFRQGV� ����� ����� +RZHYHU�� KRZ� WKH� H[WHQGHG� VKHDWK� LV� VWDEO\� PDLQWDLQHG� UHTXLUHV� IXUWKHU�ʹͻ͵�
LQYHVWLJDWLRQV��7KH�DWRPLF�VWUXFWXUH�RI�WKH�7�66�VKHDWK�LQ�LWV�FRQWUDFWHG�IRUP�KDV�EHHQ�VROYHG�ʹͻͶ�
E\�FU\R�HOHFWURQ�PLFURVFRS\��)LJ���)����������7KH�VKHDWK�LV�D�KHOLFDO�VWUXFWXUH�FRPSRVHG�RI���ʹͻͷ�
7VV%�7VV&�KHWHURGLPHU�VWUDQGV��&RQWDFWV�EHWZHHQ�WKH�KHWHURGLPHUV�LQYROYH�WKH�IRUPDWLRQ�RI�D�ʹͻ͸�
��VWUDQGHG�β�VKHHW�KDQGVKDNH�GRPDLQ�FRPSULVLQJ�WZR�β�VWUDQGV�IURP�7VV&��RQH�IURP�WKH�QH[W�ʹͻ͹�
7VV&� RQ� WKH� VDPH� VWUDQG�� DQG� RQH� IURP�7VV%� IURP� WKH� QHLJKERULQJ� VWUDQG�� 7KLV� DVVHPEO\�ʹͻͺ�
PHFKDQLVP� WKHUHIRUH� FRQQHFWV� KHWHURGLPHUV� RI� WKH� VDPH� VWUDQG�� DV�ZHOO� DV�ZLWK� WKDW� RI� WKH�ʹͻͻ�
QH[W�VWUDQG�������7KH�FRQWUDFWLRQ�RI�WKH�VKHDWK�LV�D�IDVW�HYHQW�WKDW�RFFXUV�LQ�OHVV�WKDW���PVHF�͵ͲͲ�
������ $OWKRXJK� WKH� SURSXOVLRQ� RI� WKH� LQQHU� WXEH� RU� WKH� GHOLYHU\� RI� HIIHFWRUV� KDV� QRW� EHHQ�͵Ͳͳ�
LPDJHG�\HW��WKH�FRQWUDFWLRQ�RI�WKH�VKHDWK�FRLQFLGHV�ZLWK�WKH�O\VLV�RI�WKH�SUH\�FHOO��)LJ����������͵Ͳʹ�
2QFH�FRQWUDFWHG��DQ�1�WHUPLQDO�KHOL[�RI� WKH�7VV&�VXEXQLWV�SURWUXGHV� IURP� WKH�VWUXFWXUH�DQG�͵Ͳ͵�
UHFUXLWV�WKH�&OS9�$73DVH�WKDW�ZLOO�UHF\FOH�WKH�VKHDWK�VXEXQLWV��������������͵ͲͶ�
�͵Ͳͷ�
�͵Ͳ͸�
)81&7,21�$1'�())(&7256�͵Ͳ͹�
�͵Ͳͺ�
7KH�7\SH�9,�VHFUHWLRQ��V\VWHP�JDUQHUHG� LQWHUHVWV�GXH� WR�LWV�DELOLW\� WR�WDUJHW�ERWK�HXNDU\RWLF�͵Ͳͻ�
DQG� SURNDU\RWLF� FHOOV�� WKHUHIRUH� GHOLYHULQJ� WR[LQV�ZLWK� D� EURDG� UDQJH� RI� DFWLYLWLHV� LQFOXGLQJ�͵ͳͲ�
QXFOHDVHV�� SKRVSKROLSDVHV�� SHSWLGRJO\FDQ� K\GURODVHV�� 1$'�3��� JO\FRK\GURODVHV� RU�͵ͳͳ�
F\WRVNHOHWRQ� UHPRGHOLQJ� HQ]\PHV� ��������� 7KHVH� WR[LQV� DUH� LQGHSHQGHQW� SRO\SHSWLGHV�͵ͳʹ�
FRQILQHG�LQWR�WKH�+FS�WDLO�WXEH�OXPHQ�RU�GLVSOD\HG�DW�WKH�WLS�RI�WKH�9JU*�QHHGOH�YLD�DGDSWRU�͵ͳ͵�
SURWHLQV��RU�FRYDOHQWO\�OLQNHG�DV�DGGLWLRQDO�&�WHUPLQDO�GRPDLQV�WR�9JU*V������������������͵ͳͶ�
7KH�7\SH�9,� VHFUHWLRQ� V\VWHP� UHFHQWO\� HPHUJHG� DV� RQH� RI� WKH� NH\� SOD\HUV� GXULQJ� EDFWHULDO�͵ͳͷ�
SDWKRJHQHVLV�� +RZHYHU�� EHVLGH� WKH� IDFW� WKDW� 7�66� H[SUHVVLRQ� LV� XVXDOO\� FR�UHJXODWHG� ZLWK�͵ͳ͸�
YLUXOHQFH� IDFWRUV�� WKH� UROH� RI� WKH� 7�66� LQ� WKH� LQIHFWLRQ� SURFHVV� FRXOG� EH� HLWKHU� GLUHFW� RU�͵ͳ͹�
LQGLUHFW��,Q�D�IHZ�LQVWDQFHV��LQFOXGLQJ�LQ�SDWKRJHQLF�VWUDLQV�RI�E. coli �VHH�EHORZ���WKH�7�66�͵ͳͺ�
KDV�EHHQ�VKRZQ�WR�EH�GLUHFWO\�LQYROYHG�LQ�EDFWHULDO�YLUXOHQFH�VXFK�DV�PHGLDWLQJ�DGKHVLRQ�WR�͵ͳͻ�
KRVW�FHOOV�RU�SDUWLFLSDWLQJ� WR� WKH� VXUYLYDO� LQWR�PDFURSKDJHV�RU� WR�V\VWHPLF�SUROLIHUDWLRQ��EXW�͵ʹͲ�
WKH�PROHFXODU�GHWDLOV�RQ�KRZ�WKH�DSSDUDWXV�±�RU�VSHFLILF�VHFUHWHG�SURWHLQV�±�LQWHUIHUHV�ZLWK�WKH�͵ʹͳ�
KRVW� FHOOV� KDYH�QRW� EHHQ�GHILQHG�� ,Q�V. cholerae�� LW� KDV�EHHQ� VKRZQ� WKDW� WKH�7�66�GLVDEOHV�͵ʹʹ�
PDFURSKDJH�E\�LQWHUIHULQJ�ZLWK�WKH�G\QDPLFV�RI�WKH�FHOO�F\WRVNHOHWRQ��7KLV�DELOLW\�GHSHQGV�RQ�͵ʹ͵�
WKH� &�WHUPLQDO� GRPDLQ� FDUULHG� E\� WKH� 9JU*�� VSLNH�� ZKLFK� SRVVHVVHV� DFWLQ� FURVV�OLQNLQJ�͵ʹͶ�
DFWLYLW\�� WKHUHIRUH� FXUELQJ� DFWLQ� G\QDPLFV�� SUHYHQWLQJ� FHOO�PRYHPHQW� DQG� LQKLELWLQJ� IXUWKHU�͵ʹͷ�
SKDJRF\WRVLV� RI� EDFWHULDO� FHOOV� ��������� 7KH� Aeromonas hydrophila 9JU*�� &�WHUPLQDO�͵ʹ͸�
H[WHQVLRQ� KDV� EHHQ� SURSRVHG� WR� FDUU\� DFWLQ�WDUJHWLQJ� $'3�ULERV\OWUDQVIHUDVH� DFWLYLW\� ������͵ʹ͹�
$GGLWLRQDO� 7�66� HIIHFWRUV�ZLWK� DQWL�KRVW� DFWLYLWLHV� LQFOXGH� SKRVSKROLSDVHV� LQ�Pseudomonas ͵ʹͺ�
aeruginosa�� DQG� WR[LQV� WKDW� LQGXFH� PHPEUDQH� IXVLRQ� �VXFK� DV� WKH�B. thailandensis DQG�B. ͵ʹͻ�
pseudomallei 9JU*��&�WHUPLQDO�H[WHQVLRQV��RU�LQWHUIHUH�ZLWK�PLFURWXEXOH�G\QDPLFV����������͵͵Ͳ�
7KH�GLUHFW� UROH�RI� WKH�7�66�IRU�YLUXOHQFH� WRZDUGV�PDPPDOLDQ�PRGHOV�RI� LQIHFWLRQ�KDV�EHHQ�͵͵ͳ�
FKDOOHQJHG�E\�WKH�GLVFRYHU\�WKDW�WKH�YDVW�PDMRULW\�RI�7�66V�FKDUDFWHUL]HG�VR�IDU�DUH�LQYROYHG�͵͵ʹ�
LQ� EDFWHULDO� JURZWK� LQKLELWLRQ�� 7KH� 7�66� LV� XVHG� WR� GHOLYHU� DQWL�EDFWHULDO� HIIHFWRUV� ZLWK�͵͵͵�
SHSWLGRJO\FDQ�K\GURODVH� �DPLGDVH� �7DH��� JO\FRVLGH�K\GURODVH� �7JH��� RU� SKRVSKROLSDVH� �7OH��͵͵Ͷ�
DFWLYLWLHV�LQWR�WKH�SHULSODVP�RI�WKH�WDUJHW�SUH\�FHOO����������7KHVH�DPLGDVHV��PXUDPLGDVHV�DQG�͵͵ͷ�
SKRVSKROLSDVHV� EHORQJV� WR� YDULRXV� IDPLOLHV� WKDW� K\GURO\VH� ERQGV�ZLWKLQ� WKH� SHSWLGLF� VWHPV�͵͵͸�
�7DH����IDPLOLHV��RU�JOXFRVLGLF�FKDLQV��7JH����IDPLOLHV��RI�WKH�SHSWLGRJO\FDQ�RU�HVWHU�ERQGV�͵͵͹�
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RI�SKRVSKROLSLGV��7OH����IDPLOLHV���UHVSHFWLYHO\������������������7R[LQV�ZLWK�QXFOHDVH��7GH��͵͵ͺ�
DQG� 1$'�3��� JO\FRK\GURODVH� DFWLYLWLHV� KDYH� EHHQ� UHSRUWHG� DQG� WKHUHIRUH� VKRXOG� UHDFK� WKH�͵͵ͻ�
F\WRSODVP� IRU� WKHLU� DFWLRQ� ����� ���� ����� +RZ� WKHVH� WR[LQV� DUH� WUDQVSRUWHG� DFURVV� WKH� LQQHU�͵ͶͲ�
PHPEUDQH� LV� QRW� FOHDUO\� GHILQHG�� EXW� LW� KDV� EHHQ� SURSRVHG� WKDW� WKH� WUDQVODWLRQDO� HORQJDWLRQ�͵Ͷͳ�
IDFWRU� 7X� �()�7X�� FRQWULEXWHV� WR� WKH� WUDQVORFDWLRQ� RI� WKH� 1$'�3��� JO\FRK\GURODVH� LQ� P. ͵Ͷʹ�
aeruginosa ������ 3URGXFLQJ� FHOOV� DUH� SURWHFWHG� IURP� WKHLU� RZQ� HIIHFWRUV� RU� WKH� HIIHFWRUV� RI�͵Ͷ͵�
WKHLU�VLEOLQJV�E\�WKH�FR�SURGXFWLRQ�RI�VSHFLILF�SURWHLQ�LQKLELWRUV�±�RU�LPPXQLW\�SURWHLQV�±�WKDW�͵ͶͶ�
ELQG�DQG�LQKLELW�WKH�DFWLYLW\�RI�WKH�FRJQDWH�WR[LQV����������7�66��EDFWHULD��LQFOXGLQJ�FORVHO\�͵Ͷͷ�
UHODWHG� VSHFLHV�� FDUULHV� GLIIHUHQW� DQG� XQLTXH� VHWV� RI� DQWL�EDFWHULDO� HIIHFWRUV�� VXSSRUWLQJ� D�͵Ͷ͸�
OHDGLQJ� UROH� IRU� 7�66� HIIHFWRUV� LQ� LQWHU�� DQG� LQWUD�EDFWHULDO� FRPSHWLWLRQ� DQG� LQ� UHVKDSLQJ�͵Ͷ͹�
EDFWHULDO�FRPPXQLWLHV�������͵Ͷͺ�
�͵Ͷͻ�
)XQFWLRQV�DQG�(IIHFWRUV�LQ�E. coli��Salmonella DQG�UHODWHG�VSHFLHV�͵ͷͲ�
�͵ͷͳ�
3KHQRW\SHV�DVVRFLDWHG�ZLWK�7�66�LQ�E. coli DQG�Salmonella���͵ͷʹ�
�͵ͷ͵�
0RVW�RI� WKH�E. coli DQG�Salmonella 7�66V�VWXGLHG�VR� IDU�KDYH�EHHQ�VKRZQ� WR�SDUWLFLSDWH� WR�͵ͷͶ�
DGKHUHQFH� WR� ELRWLF� DQG� DELRWLF� VXUIDFHV�� WR� EDFWHULDO� FRPSHWLWLRQ� RU� WR� YLUXOHQFH� WRZDUGV�͵ͷͷ�
FRUUHVSRQGLQJ�PRGHOV�RI�LQIHFWLRQ��7DEOH�����7DNHQ�WRJHWKHU��WKH�DYDLODEOH�LQIRUPDWLRQ�RQ�E. ͵ͷ͸�
coli 7�66V�SRLQW� WR�D�UROH�RI�7�66���DQG�7�66���IRU�DQWL�EDFWHULDO�DFWLYLW\��DQG�7�66���IRU�͵ͷ͹�
SDWKRJHQHVLV��͵ͷͺ�
7�66�GHSHQGHQW� EHOOLFRVH� EHKDYLRUV� WRZDUGV� QHLJKERULQJ� EDFWHULD� KDYH� EHHQ� HYLGHQFHG� IRU�͵ͷͻ�
($(&� ����� �7�66��� DQG� 7�66���� ����� $3(&� 7:�;0� �7�66���� ���� DQG� Citrobacter ͵͸Ͳ�
rodentium ������ S. enterica 7\SKLPXULXP� /7�� KDV� DOVR� EHHQ� UHFHQWO\� UHSRUWHG� WR� KDYH�͵͸ͳ�
DQWDJRQLVWLF� DFWLYLWLHV� DJDLQVW� E. coli DQG� Salmonella VSHFLHV� LQ� D� 63,��� 7�66�GHSHQGHQW�͵͸ʹ�
PDQQHU� ������ +RZHYHU�� LQ� S. enterica 7\SKLPXULXP�� WKH� 7�66� LV� XS�UHJXODWHG� LQ� WKH� ODWH�͵͸͵�
VWDJHV�RI�LQIHFWLRQ��RQFH�WKH�EDFWHULXP�LV�LQWHUQDOL]HG�LQ�HXNDU\RWLF�SKDJRF\WLF�FHOOV�ZKHUHDV�͵͸Ͷ�
QR� XS�UHJXODWLRQ� FRXOG� EH� REVHUYHG� LQ� PL[HG� EDFWHULDO� FXOWXUHV� ����� ���� ����� 7KHVH�͵͸ͷ�
REVHUYDWLRQV�VXJJHVW�WKDW�WKH�DQWL�EDFWHULDO�DFWLYLW\�LV�DFWLYDWHG�LQVLGH�WKH�KRVW��,QWHUHVWLQJO\��͵͸͸�
WKH� 7�66� LV� XQGHU� D� UHJXODWRU\� QHWZRUN� WKDW� DOVR� UHJXODWHV� YLUXOHQFH� IDFWRUV� LQFOXGLQJ�͵͸͹�
SUROLIHUDWLRQ�JHQHV��%HFDXVH�WKH�S. enterica 7\SKLPXULXP�SRSXODWLRQ�LQVLGH�SKDJRF\WLF�FHOOV�͵͸ͺ�
LV� XVXDOO\� FORQDO�� %UXQHW� HW� DO�� SURSRVHG� WKDW� WKH� 7�66�PD\� VHUYH� WR� HOLPLQDWH� GLVDEOHG�S. ͵͸ͻ�
enterica 7\SKLPXULXP FHOOV� RI� WKH� SURJHQ\�� i.e.�� WKH� FHOOV� XQDEOH� WR� SURGXFH� WKH� 7�66�͵͹Ͳ�
LPPXQLW\�DQG�SUROLIHUDWLRQ�JHQHV�������͵͹ͳ�
$�UROH�RI�WKH�7�66�IRU�ELRILOP�IRUPDWLRQ�KDV�EHHQ�UHSRUWHG�IRU�($(&�������7�66��������DQG�͵͹ʹ�
$3(&�6(37�����7�66���������,Q�$3(&��WKH�GHIHFW�LQ�ELRILOP�LV�DFFRPSDQLHG�E\�GHFUHDVHG�͵͹͵�
DGKHUHQFH� WR�HSLWKHOLDO�FHOOV� ������+RZHYHU�� LW� LV� OLNHO\� WKDW� WKHVH�SKHQRW\SHV�DUH�FDXVHG�E\�͵͹Ͷ�
LPSDFWV� RQ� ILPEULDH�JHQH� UHJXODWLRQ� RU� E\�SHUWXUEDWLRQV� RI� WKH� ELRILOP� VWUXFWXUH� GXH� WR� WKH�͵͹ͷ�
DQWL�EDFWHULDO� DFWLYLW\�� ,QGHHG�� GHOHWLRQV� RI� 7�66��� JHQHV� LQ� $3(&� 6(37���� DIIHFW� WKH�͵͹͸�
H[SUHVVLRQ�RI�W\SH���ILPEULDH�DQG�IODJHOOD��WZR�H[WUDFHOOXODU�VWUXFWXUHV�UHTXLUHG�IRU�DGKHVLRQ�͵͹͹�
DQG�ELRILOP�IRUPDWLRQ�����������͵͹ͺ�
7�66�GHSHQGHQW�SDWKRJHQHVLV�WRZDUGV�KRVWV�KDV�EHHQ�WHVWHG�IRU�D�QXPEHU�RI�VWUDLQV��7DEOH�����͵͹ͻ�
)URP�WKH�DYDLODEOH�GDWD��DQG�LQ�DJUHHPHQW�ZLWK�WKH�RYHU�UHSUHVHQWDWLRQ�RI�7�66���LQ�YLUXOHQW�͵ͺͲ�
VWUDLQV�� QR� GHIHFW� LQ� YLUXOHQFH� KDYH� EHHQ� QRWHG� IRU� 7�66��� RU� 7�66��� PXWDQWV�� ZKHUHDV�͵ͺͳ�
PXWDWLRQV� LQ� 7�66��� JHQH� FOXVWHUV� XVXDOO\� LPSDFW� FRORQL]DWLRQ�� VXUYLYDO� RU� LQYDVLRQ�� 7KH�͵ͺʹ�
($(&� ����� 7�66��� DQG� 7�66��� DUH� QRW� UHTXLUHG� IRU� YLUXOHQFH� WRZDUGV� C. elegans DQG�͵ͺ͵�
LQWHVWLQDO� VXUYLYDO� ZLWKLQ� %$/%�F� PLFH� UHVSHFWLYHO\� ����� ���� DQG� PXWDQWV� LQ� WKH� 83(&�͵ͺͶ�
&)7����7�66���JHQH�FOXVWHU�GR�QRW�SUHVHQW�FRORQL]DWLRQ�GHIHFWV�LQ�&%$�-�PLFH�EODGGHUV�DQG�͵ͺͷ�
NLGQH\V� ������%\�FRQWUDVW� WR�7�66��� DQG�7�66���� WKH�$3(&�'(���� DQG�6(37����7�66���͵ͺ͸�
GLVSOD\� DWWHQXDWHG� YLUXOHQFH� DQG� GHFUHDVHG� V\VWHPLF� GLVVHPLQDWLRQ� LQ� FKLFNV� RU� GXFNV�� DQG�͵ͺ͹�
UHGXFHG�LQWUDFHOOXODU�VXUYLYDO�LQ�FKLFNHQ�PDFURSKDJH�FHOOV�����������,Q�$3(&�VWUDLQ�7:�;0��͵ͺͺ�
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7�66��� LV� QHFHVVDU\� IRU� FHUHEUDO� LQIHFWLRQ� DQG� SHQHWUDWLRQ� RI� WKH� EORRG�EUDLQ� EDUULHU� ������͵ͺͻ�
6LPLODUO\��WKH�01(&�.��7�66���LV�UHTXLUHG�IRU�LQWHUQDOL]DWLRQ�LQ�KXPDQ�EUDLQ�PLFURYDVFXODU�͵ͻͲ�
HQGRWKHOLDO� FHOOV� ������ ,Q� 01(&� .��� 7�66��� FDUULHV� WZR� +FS� SURWHLQV�� $QDO\VHV� RI� WKH�͵ͻͳ�
SKHQRW\SHV�RI�PXWDWLRQV�LQ�WKHVH�WZR�JHQHV�VKRZHG�WKDW�+FS��LV�UHTXLUHG�IRU�HIILFLHQW�ELQGLQJ�͵ͻʹ�
WR� EUDLQ� HQGRWKHOLDO� FHOOV� ZKHUHDV� +FS�� LQGXFHV� VWUHVV� ILEHU� IRUPDWLRQ�� F\WRVNHOHWRQ� UH�͵ͻ͵�
DUUDQJHPHQWV��F\WRNLQH�DQG�FKHPRNLQH�UHOHDVH�DQG�FHOO�DSRSWRVLV�via�DFWLYDWLRQ�RI�WKH�FDVSDVH�͵ͻͶ�
��SDWKZD\�������7KHUHIRUH�WKH�IXQFWLRQ�RI�WKLV�DSSDUDWXV�LV�QHFHVVDU\�DW�WZR�GLIIHUHQW�VWDJHV�RI�͵ͻͷ�
WKH�LQIHFWLRQ�SURFHVV��SUREDEO\�E\�WKH�+FS���DQG�+FS��VSHFLILF�WUDQVSRUW�RI�GLVWLQFW�HIIHFWRUV��͵ͻ͸�
,Q� Salmonella 7\SKL�� WKH� 63,��� JHQHV� DUH� UHTXLUHG� IRU� V\VWHPLF� LQIHFWLRQ� LQ� D� KXPDQL]HG�͵ͻ͹�
PRXVH� PRGHO� ����� ZKHUHDV� FRQIOLFWLQJ� GDWD� KDYH� EHHQ� UHSRUWHG� IRU� WKH� S. enterica ͵ͻͺ�
7\SKLPXULXP�63,���7�66�UHJDUGLQJ�UHSOLFDWLRQ��VXUYLYDO�DQG�SUROLIHUDWLRQ�LQ�PDFURSKDJHV�RU�͵ͻͻ�
LQ�PLFH�������������������+RZHYHU��WKH�PRVW�LPSRUWDQW�HIIHFW�RQ�UHSOLFDWLRQ�ZLWKLQ�SKDJRF\WLF�ͶͲͲ�
FHOOV� LV� REVHUYHG� ZLWK� WKH� tai4 PXWDWLRQ�� D� JHQH� WKDW� HQFRGHV� WKH� LPPXQLW\� WR� WKH� 7DH��ͶͲͳ�
DPLGDVH��VXJJHVWLQJ�WKDW�WKLV�GHIHFW�LV�LQGLUHFW�DQG�GXH�WR�VHOI�LQWR[LFDWLRQ�FDXVHG�E\�WKH�ORVV�ͶͲʹ�
RI� WKH� LPPXQLW\� ����� ����� 7KH� S. enterica *DOOLQDUXP� 63,���� LV� UHTXLUHG� IRU� VXUYLYDO� DQG�ͶͲ͵�
JURZWK�ZLWKLQ�FKLFNHQ�PDFURSKDJHV�DQG�IRU�HIILFLHQW�FRORQL]DWLRQ�RI�WKH�FKLFN�JDVWURLQWHVWLQDO�ͶͲͶ�
WUDFW�DQG�LQWHUQDO�RUJDQV�����������,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH�SKHQRW\SHV�DVVRFLDWHG�ZLWK�ͶͲͷ�
WKH�GHOHWLRQ�RI�WKH�63,���7�66�JHQH�FOXVWHU�LQ�S. enterica 7\SKLPXULXP�FDQ�EH�UHVFXHG�E\�WKH�ͶͲ͸�
H[SUHVVLRQ�RI� WKH�S. enterica *DOOLQDUXP�63,����7�66�VXJJHVWLQJ� WKDW� ERWK�7�66V�SHUIRUP�ͶͲ͹�
VLPLODU�IXQFWLRQV�GHVSLWH�WKHLU�SK\ORJHQHWLF�GLIIHUHQFHV�������ͶͲͺ�
�ͶͲͻ�
E. coli DQG�Salmonella 7�66�WR[LQV�ͶͳͲ�
�Ͷͳͳ�
,Q�E. coli DQG�Salmonella VWUDLQV�� IHZ�HIIHFWRUV�KDYH�EHHQ�FKDUDFWHUL]HG� LQ�GHWDLOV��EXW� WKHLU�Ͷͳʹ�
SUHVHQFH�DQG�SXWDWLYH�DFWLYLWLHV� FDQ�EH�HDVLO\�SUHGLFWHG��7KH\�DUH�RUJDQL]HG� LQ� WDQGHP�ZLWK�Ͷͳ͵�
JHQHV� HQFRGLQJ� VPDOO� SURWHLQV� WKDW� OLNHO\� FRUUHVSRQG� WR� FRJQDWH� LPPXQLW\� SURWHLQV��ͶͳͶ�
)XUWKHUPRUH��WKH\�XVXDOO\�FR�RFFXU�ZLWK�hcp� vgrG�RU�paar JHQHV��Ͷͳͷ�
E. coli 7�66���JHQH�FOXVWHUV�HQFRGH�SXWDWLYH�SKRVSKROLSDVHV��7DEOH����)LJ���$���7KH\�ORFDOL]H�Ͷͳ͸�
XSVWUHDP� WKH� vgrG JHQHV� VXJJHVWLQJ� WKDW�� DV� VKRZQ� IRU�Vibrio cholerae ������ WKH\� XVH� WKH�Ͷͳ͹�
9JU*� QHHGOH� DV� FDUULHU� IRU� WKHLU� WUDQVSRUW�� ,QWHUHVWLQJO\�� FORVH� LQVSHFWLRQ� RI� WKHVH�Ͷͳͺ�
SKRVSKROLSDVH� JHQHV� VXJJHVW� WKH\� EHORQJ� WR� GLIIHUHQW� IDPLOLHV��� ZKLOH� WKH� $,(&� /)��� RU�Ͷͳͻ�
83(&� &)7���� 7�66��� FOXVWHUV� FDUU\� SXWDWLYH� SKRVSKROLSDVHV� RI� WKH� 7OH�� IDPLO\�� WKRVH�ͶʹͲ�
SUHVHQW�RQ�WKH�($(&�����DQG�$3(&�7:�;0�JHQRPHV�DUH�FORVHO\�UHODWHG�WR�SKRVSKROLSDVHV�Ͷʹͳ�
RI�WKH�7OH��DQG�7OH��IDPLOLHV�UHVSHFWLYHO\��)LJ���$�������Ͷʹʹ�
E. coli�7�66���JHQH�FOXVWHUV��DV�ZHOO�DV�WKH�S. enterica�*DOOLQDUXP�63,����7�66���OLNH�7�66��Ͷʹ͵�
XVXDOO\�FRQWDLQ�JHQHV�HQFRGLQJ�5KV�HOHPHQWV��7DEOH�����EXW�WKH�DFWLYLW\�FDUULHG�E\�WKHVH�5KV�ͶʹͶ�
SURWHLQV�FDQ�QRW�EH�LQIHUUHG�IURP�in silico SUHGLFWLRQ�DOJRULWKPV��,Q�DGGLWLRQ�WR�WKH�PDLQ�7�66�Ͷʹͷ�
JHQH�FOXVWHU��S. enterica *DOOLQDUXP�SRVVHVVHV�DQ�hcp LVODQG�WKDW�HQFRGH�DQ�+FS�SURWHLQ��DQ�Ͷʹ͸�
DPLGDVH�RI� WKH�7DH�� IDPLO\�DQG� LWV�FRJQDWH�7DL�� LPPXQLW\� ����������1R�JHQH�ZLWK�SXWDWLYH�Ͷʹ͹�
WR[LQ�DFWLYLW\�LV�IRXQG�ZLWKLQ�E. coli 7�66���JHQH�FOXVWHUV���Ͷʹͺ�
7KH�S. enterica�$UL]RQDH�63,����7�66�FDUULHV�WZR�SDLUV�RI�6�W\SH�S\RFLQV�LPPXQLW\��DV�ZHOO�Ͷʹͻ�
DV�D�VSHFLDOL]HG�+FS�SURWHLQ�FRUUHVSRQGLQJ�WR�D�IXVLRQ�EHWZHHQ�D�WUDGLWLRQDO�+FS�SURWHLQ�WR�DQ�Ͷ͵Ͳ�
HIIHFWRU�GRPDLQ��������Ͷ͵ͳ�
7KH�S. enterica 7\SKLPXULXP�63,���7�66�HQFRGHV�5KV�HOHPHQWV�DV�ZHOO�DV�DQ�DPLGDVH�RI�WKH�Ͷ͵ʹ�
7DH�� IDPLO\� ����� �7DEOH����)LJ������7KH� VWUXFWXUH�RI�7DH�� LV�DYDLODEOH�� DORQH�RU� LQ� FRPSOH[�Ͷ͵͵�
ZLWK�LWV�FRJQDWH�7DL�� LPPXQLW\�SURWHLQ�����������7DH��LV�D�'/�HQGRSHSWLGDVH�ZLWK�D� W\SLFDO�Ͷ͵Ͷ�
1OS&�3��� GRPDLQ�� ,W� K\GURO\VHV� WKH� '�*OX�PHVR�GLDPLQRSLPHOLF� DFLG� �P'$3�� ERQG� RI�Ͷ͵ͷ�
SHSWLGRJO\FDQ� SHSWLGLF� VWHPV��$� GLPHU� RI�7DL�� ELQGV� WR�7DH��ZLWK� D�.'� RI� �î������0� DQG�Ͷ͵͸�
LQKLELWV�7DH��DFWLYLW\�E\�LQVHUWLQJ�WKH�/��SURWUXGLQJ�ORRS�RI�RQH�7DL��PRQRPHU�LQWR�WKH�7DH��Ͷ͵͹�
FDWDO\WLF�SRFNHW�����������&RQWDFWV�EHWZHHQ�7DH��DQG�7DL��DUH�VWDELOL]HG�E\�WKH�α�KHOL[�RI�WKH�Ͷ͵ͺ�
VHFRQG�7DL�� VXEXQLW� ����������$� VLPLODU�7DH��7DL��SDLU� LV� HQFRGHG�ZLWKLQ� WKH�Enterobacter Ͷ͵ͻ�
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cloacae 63,���OLNH�7�66�������,QGHHG��FURVV�LPPXQLW\�EHWZHHQ�WKH�S. enterica 7\SKLPXULXP�ͶͶͲ�
DQG�E. cloacae 7DH��7DL��SDLUV�KDV�EHHQ�GHPRQVWUDWHG�������)LQDOO\��DQ�RULJLQDO�PHFKDQLVP�ͶͶͳ�
KDV�EHHQ�UHYHDOHG�LQ�WKH�FDVH�RI�WKH�S. enterica 7\SKLPXULXP�5KV�������7KH�JHQH�HQFRGLQJ�WKH�ͶͶʹ�
IXOO�OHQJWK�5KV�SURWHLQ��5KVPDLQ��LV�IROORZHG�E\�D�QRQ�WUDQVODWHG�UHJLRQ�HQFRGLQJ�DQ�RUSKDQ�&�ͶͶ͵�
WHUPLQDO�H[WHQVLRQ��5KVRUSKDQ���+RZHYHU��VHULDO�SDVVDJHV�LQ�EURWK�RU�ZLWKLQ�WKH�PRXVH�LQGXFHV�ͶͶͶ�
D� GXSOLFDWLRQ� RI� WKH� UHJLRQ� DQG� D� JHQHWLF� FKURPRVRPDO� UH�DUUDQJHPHQW� WKDW� UHVXOWV� WR� WKH�ͶͶͷ�
SURGXFWLRQ� RI� D� FKLPHUD� 5KV� SURWHLQ� FRQVWLWXWHG� RI� WKH� 5KVPDLQ� FRUH� DQG� WKH� 5KVRUSKDQ� &�ͶͶ͸�
WHUPLQDO�H[WHQVLRQ�ZLWK�DQWL�EDFWHULDO� DFWLYLW\��7KLV�HOHJDQW�PHFKDQLVP� WKHUHIRUH�SURYLGHV�D�ͶͶ͹�
VHOHFWLYH� DGYDQWDJH� WR� FHOOV� RI� WKH� HYROYHG� EDFWHULDO� OLQHDJH� DV� LW� HQDEOHV� WR� PDLQWDLQ� WKH�ͶͶͺ�
LPPXQLW\�WR�5KVPDLQ�DQG�WR�GHSOR\�D�QHZ�WR[LQ�WKDW�LV�DFWLYH�DJDLQVW�DQFHVWUDO�FHOOV�������ͶͶͻ�
)LQDOO\��WZR�JHQHV�SUHVHQW�ZLWKLQ�WKH�Citrobacter freundii DQG�E. cloacae 7�66�JHQH�FOXVWHUV�ͶͷͲ�
HQFRGH� SURWHLQV�ZLWK�0,;� GRPDLQV�� DQ�1�WHUPLQDO� VHTXHQFH� DVVRFLDWHG�ZLWK� VHYHUDO� 7�66�Ͷͷͳ�
WR[LQV�������Ͷͷʹ�
�Ͷͷ͵�
5(*8/$725<�0(&+$1,606��ͶͷͶ�
�Ͷͷͷ�
7�66� JHQH� FOXVWHUV� DUH� WLJKWO\� UHJXODWHG� WR� DGDSW� WKHLU� H[SUHVVLRQ� WR� WKH� HQYLURQPHQWDO�Ͷͷ͸�
FRQGLWLRQV��,Q�DJUHHPHQW�ZLWK� WKH�EURDG�GLYHUVLW\�RI�7�66�WDUJHWV�DQG�DFWLYLWLHV��7�66�JHQH�Ͷͷ͹�
FOXVWHUV� DUH� QRW� VXEPLWWHG� WR� D� XQLTXH� UHJXODWLRQ� EXW� UDWKHU� KDYH� KLMDFNHG� PRVW� RI� WKH�Ͷͷͺ�
UHJXODWRU\�PHFKDQLVPV�NQRZQ�LQ�EDFWHULD��LQFOXGLQJ�WKDW�DW�WKH�OHYHO�RI�WUDQVFULSWLRQ�RU�SRVW�Ͷͷͻ�
WUDQVFULSWLRQ� ����� ����� WZR�FRPSRQHQW� V\VWHPV�� WUDQVFULSWLRQDO� DFWLYDWRUV� DQG� UHSUHVVRUV��Ͷ͸Ͳ�
KLVWRQH�OLNH� QXFOHRLG� DVVRFLDWHG� SURWHLQV�� TXRUXP� VHQVLQJ�� DOWHUQDWLYH� VLJPD� IDFWRUV�� VPDOO�Ͷ͸ͳ�
UHJXODWRU\� 51$V�� HWF�� ,Q� DGGLWLRQ�� D� SRVW�WUDQVODWLRQDO� SKRVSKRU\ODWLRQ�GHSHQGHQW� SDWKZD\�Ͷ͸ʹ�
KDV� EHHQ� LGHQWLILHG� DQG� FKDUDFWHUL]HG� LQ� 3VHXGRPRQDGV�� 7KLV� VLJQDO� WUDQVPLVVLRQ� LQYROYHV�Ͷ͸͵�
VHQVLQJ�RI�VSHFLILF�VWLPXOL�DQG�DFWLYDWLRQ�RI�D�WUDQV�HQYHORSH�WUDQVGXFLQJ�FDVFDGH�FRPSULVLQJ�Ͷ͸Ͷ�
WKH�7DJ)4567�SURWHLQV�DQG�OHDGLQJ�WR�WKH�3SN$�GHSHQGHQW�SKRVSKRU\ODWLRQ�RI�WKH�IRUNKHDG�Ͷ͸ͷ�
DVVRFLDWHG� )+$� SURWHLQ� ���������� 7KH� UHYHUVLELOLW\� RI� WKH� DFWLYDWLRQ� LV� VHFXUHG� E\� WKH� GH�Ͷ͸͸�
SKRVSKRU\ODWLRQ�RI�)+$�E\�WKH�3SS$�SKRVSKDWDVH��������Ͷ͸͹�
�Ͷ͸ͺ�
5HJXODWLRQ�RI�7�66�JHQH�FOXVWHUV�LQ�E. coli��Salmonella DQG�UHODWHG�VSHFLHV�Ͷ͸ͻ�
�Ͷ͹Ͳ�
7UDQVFULSWLRQDO�UHJXODWLRQ�Ͷ͹ͳ�
�Ͷ͹ʹ�
7�66V� KDYH� EHHQ� VWXGLHG� LQ� GHWDLOV� LQ� Pseudomonas�� Agrobacterium� DQG� Vibrio VSHFLHV��Ͷ͹͵�
+HQFH��ZH�KDYH�D�FRPSUHKHQVLYH�SLFWXUH�RI�WKH�UHJXODWRU\�PHFKDQLVPV�XQGHUO\LQJ�H[SUHVVLRQ�Ͷ͹Ͷ�
RI�WKH�7�66�JHQH�FOXVWHUV�LQ�WKHVH�EDFWHULD��%\�FRQWUDVW��H[FHSW�IRU�WKH�HQWHUR�DJJUHJDWLYH�E. Ͷ͹ͷ�
coli DQG�S. enterica 7\SKLPXULXP�7�66V��RQO\�YHU\�IHZ�LV�NQRZ�RQ�WKH�UHJXODWLRQ�RI�7�66V�Ͷ͹͸�
LQ�RWKHU�E. coli DQG�Salmonella VHURW\SHV���Ͷ͹͹�
�Ͷ͹ͺ�
(QWHURDJJUHJDWLYH�E. coli. 7KH�($(&������VWUDLQ�JHQRPH�HQFRGHV�WZR�FRPSOHWH�VHWV�RI�7�66�Ͷ͹ͻ�
JHQHV��IDPLOLHV�7�66���DQG�7�66�����7KH�7�66���IDPLO\�FOXVWHU��DOVR�FDOOHG�sci-1��LV�XQGHU�ͶͺͲ�
WKH�FRQWURO�RI�WKH�)XU�UHSUHVVRU������)LJ�������)XU�±�IRU�)HUULF�XSWDNH�UHJXODWRU�±�LV�WKH�PDLQ�Ͷͺͳ�
UHJXODWRU� WKDW� FRXSOHV� LURQ� KRPHRVWDVLV� WR� JHQH� H[SUHVVLRQ� ������� ,Q� SUHVHQFH� RI� LURQ�� )XU�Ͷͺʹ�
ELQGV� WR� WZR� )XU� ER[HV� SUHVHQW� LQ� WDQGHP� LQ� WKH� SURPRWHU� VHTXHQFH� RI� WKLV� FOXVWHU��Ͷͺ͵�
RYHUODSSLQJ�ZLWK�WKH�WUDQVFULSWLRQDO������)XU�����DQG������)XU������SUHYHQWLQJ�51$�SRO\PHUDVH�ͶͺͶ�
UHFUXLWPHQW�DQG�WKHUHIRUH�WXUQLQJ�2))�WKH�7�66���JHQHV�������7KLV�YHU\�VLPSOH�PHFKDQLVP�LV�Ͷͺͷ�
FRPSOH[LILHG� E\� DQ� HSLJHQHWLF� FLUFXLW� GHSHQGLQJ� RQ� WKH� DFWLRQ� RI� WKH� 'DP� DGHQRVLQH�Ͷͺ͸�
PHWK\OWUDQVIHUDVH�� ZKLFK� FRXSOHV� 7�66� H[SUHVVLRQ� WR� WKH� UHSOLFDWLRQ� VWDWH�� 7KH� )XU���� ER[�Ͷͺ͹�
FRQWDLQV�D�*$7&�PRWLI�WKDW�LV�UHFRJQL]HG�DQG�PHWK\ODWHG�E\�'DP��:KHQ�)XU�LV�ERXQG�WR�WKH�Ͷͺͺ�
)XU����ER[��WKH�VLWH�LV�QRW�PHWK\ODWHG��+RZHYHU��XQGHU�ORZ�LURQ�FRQGLWLRQV��)XU�LV�GLVORGJHG��Ͷͺͻ�
WKH�7�66���JHQHV�DUH�WXUQHG�21��,I�FHOOV�UHSOLFDWH��WKH�)XU����ER[�LV�PHWK\ODWHG�DIWHU�WKH�ILUVW�ͶͻͲ�



� ͳͳ

UHSOLFDWLRQ��SUHYHQWLQJ�)XU�WR�ELQG�EDFN��WKHUHIRUH�WXUQLQJ�WKH�7�66�JHQHV�XQGHU�D�FRQVWLWXWLYH�Ͷͻͳ�
21�VWDWH��)XU�WKHUHIRUH�FRQWUROV�WKH�SDVVDJH�EHWZHHQ�WKH�2))�DQG�21�VWDWHV�ZKHUHDV�'DP�LV�Ͷͻʹ�
D�VHQVRU�RI� UHSOLFDWLRQ�DQG�FRQWUROV� WKH�SDVVDJH�EHWZHHQ� WKH� UHYHUVLEOH�DQG�FRQVWLWXWLYH�21�Ͷͻ͵�
VWDWHV�������)LJ�������,Q�DJUHHPHQW�ZLWK�WKHVH�GDWD��WKH�($(&�7�66���LV�DFWLYDWHG�LQ�PLQLPDO�ͶͻͶ�
PHGLD� RU� LQ� LURQ� GHSOHWLRQ� FRQGLWLRQV� ������ +RZHYHU�� WKLV� PHFKDQLVP� LV� XQOLNHO\� WR� EH�Ͷͻͷ�
FRQVHUYHG�EHWZHHQ�WKH�7�66���FOXVWHUV�VKDUHG�E\�SDWKRJHQLF�E. coli�DV�QR�)XU�ER[�FRXOG�EH�Ͷͻ͸�
UHDGLO\�LGHQWLILHG�LQ�WKHLU�SURPRWHU�UHJLRQV��Ͷͻ͹�
7KH� ($(&� 7�66��� JHQH� FOXVWHU� �DOVR� FDOOHG� sci-2� RU� aai�� LV� DFWLYDWHG� LQ� V\QWKHWLF� PHGLD�Ͷͻͺ�
PLPLFNLQJ�WKH�PDFURSKDJH�HQYLURQPHQW�VXFK�DV�(DJOH¶V�PHGLXP�����������'1$�PLFURDUUD\V�Ͷͻͻ�
DQG� TXDQWLWDWLYH� 57�3&5� KDYH� GHPRQVWUDWHG� WKDW� WKLV� DFWLYDWLRQ� GHSHQGV� RQ� DQ� $UD&�OLNH�ͷͲͲ�
WUDQVFULSWLRQDO�UHJXODWRU�FDOOHG�$JJ5������������$OWKRXJK�QR�FRQVHQVXV�ELQGLQJ�VLWH�KDV�EHHQ�ͷͲͳ�
GHILQHG� IRU� $JJ5�� WKLV� DFWLYDWRU� UHJXODWHV� RWKHU� ($(&� YLUXOHQFH� IDFWRUV� VXFK� DV� WKH� $DI�ͷͲʹ�
ILPEULDH��WKH�GLVSHUVLQ�DQG�WKH�GLVSHUVLQ�WUDQVSRUWHU��������ͷͲ͵�
1R�GDWD�DUH�DYDLODEOH�\HW�IRU�WKH�7�66���JHQH�FOXVWHU�IRXQG�LQ�WKH�($(&�����VWUDLQ��$OWKRXJK�ͷͲͶ�
LW� UHPDLQV� WR� EH� H[SHULPHQWDOO\� WHVWHG�� LW� KDV� EHHQ� SURSRVHG� WKDW� UHJXODWLRQ� RI� WKH� 7�66���ͷͲͷ�
EC042_0229 JHQH�LQYROYHV�WKH�V\QHUJLVWLFDO�DFWLRQ�RI�WKH�F\FOLF�$03�UHFHSWRU�SURWHLQ��&53��ͷͲ͸�
DQG� WKH� QXFOHRLG�DVVRFLDWHG� SURWHLQ� )LV� E\� DQ� RULJLQDO� PHFKDQLVP� UHTXLULQJ� )LV�GHSHQGHQW�ͷͲ͹�
FRPSHQVDWLRQ� RI� WKH� QRQ�RSWLPDO� VSDFLQJ� EHWZHHQ� WKH� &53� DQG� 51$� SRO\PHUDVH� ELQGLQJ�ͷͲͺ�
VLWHV��������ͷͲͻ�
�ͷͳͲ�
Salmonella enterica. ,Q� S. enterica 7\SKLPXULXP� /7��� WKH� 63,��� 7�66� JHQH� FOXVWHU� LV�ͷͳͳ�
FRQWUROOHG�E\� WKH�6VU$�%�7ZR�FRPSRQHQW� V\VWHP��RQH�RI� WKH�PDMRU� UHJXODWRU\�SDWKZD\V�RI�ͷͳʹ�
Salmonella YLUXOHQFH�������7KH�6VU%�UHVSRQVH�UHJXODWRU�ELQGV�WR�DQG�SRVLWLYHO\�UHJXODWHV�PRVW�ͷͳ͵�
63,���SURPRWHUV�LQFOXGLQJ�WKRVH�FRQWUROOLQJ�H[SUHVVLRQ�RI�WKH�7�66�JHQHV��������%\�FRQWUDVW��ͷͳͶ�
6VU$�%�H[HUWV�D�QHJDWLYH�FRQWURO�RQ�WKH�63,���7�66�JHQH�FOXVWHU�����������SUREDEO\�E\�GLUHFW�ͷͳͷ�
6VU%� ELQGLQJ� RQ� GLVWLQFW� SURPRWHU� UHJLRQV� ������� 7KH� H[SUHVVLRQ� RI� 7�66� JHQHV� HQFRGHG�ͷͳ͸�
ZLWKLQ�WKH�63,���SDWKRJHQLFLW\�LVODQG�DUH�QRW�GHWHFWHG�XQGHU�ODERUDWRU\�in vitro FRQGLWLRQV������ͷͳ͹�
������ KRZHYHU�� SURPRWHU� UHSRUWHU� DQG� WUDQVFULSWLRQDO� SURILOLQJ� VWXGLHV� VKRZHG� WKDW� WKH�ͷͳͺ�
H[SUHVVLRQ� RI� WKHVH� JHQHV� LV� DFWLYDWHG� LQ� WKH� ODWH� VWDJHV� RI�PDFURSKDJH� DQG� HSLWKHOLDO� FHOOV�ͷͳͻ�
LQIHFWLRQ������������,Q�DGGLWLRQ�WR�6VU%��WKH�63,���7�66�JHQHV�DUH�VLOHQFHG�E\�WKH�KLVWRQH�OLNH�ͷʹͲ�
QXFOHRLG� VWUXFWXULQJ� +�16� SURWHLQ� ����� ����� ������ +�16� ELQGV� WR� $�7�ULFK� PRWLIV� DQG�ͷʹͳ�
SRO\PHUL]HV�WR�VSUHDG�DQG�VLOHQFH�WKH�JHQHV�E\�SUHYHQWLQJ�DFFHVV�WR�WKH�51$�SRO\PHUDVH�RU�ͷʹʹ�
DFWLYDWRUV�� +�16� LV� WKXV� D� [HQRJHQLF� VLOHQFHU� WKDW� XVXDOO\� UHSUHVVHV� KRUL]RQWDOO\�DFTXLUHG�ͷʹ͵�
JHQHV�DQG�LVODQGV��������%HFDXVH�7�66�JHQHV�DUH�FOXVWHUHG�LQ�WKHVH�LVODQGV��+�16�LV�SUREDEO\�ͷʹͶ�
LQYROYHG�LQ�WKH�UHJXODWLRQ�RI�PDQ\�7�66�JHQH�FOXVWHUV�LQ�SDWKRJHQLF�E. coli�EXW�WKLV�QHHGV�WR�ͷʹͷ�
EH�DGGUHVVHG��ͷʹ͸�
,Q�S. enterica�7\SKL�7\��� VHYHUDO� UHJXODWRUV� KDYH�EHHQ� LGHQWLILHG� VXFK� DV�5FV%�� 3PU$�DQG�ͷʹ͹�
+IT��EXW� WKHLU�FRQWULEXWLRQ�IRU� WKH�DFWLYDWLRQ�RI� WKH�7�66�JHQHV� LV� UHODWLYHO\�ZHDN�������� ,Q�ͷʹͺ�
Enterobacter cloacae�� VHYHUDO� JHQHV� RI� WKH� 7�66� FOXVWHU� DUH� XQGHU� WKH� FRQWURO� RI� D�ͷʹͻ�
/X[5�DF\OKRPRVHULQH� ODFWRQH�GHSHQGHQW� TXRUXP� VHQVLQJ�PHFKDQLVP� DQG� WKHUHIRUH� UHVSRQG�ͷ͵Ͳ�
WR�WKH�SRSXODWLRQ�GHQVLW\��������ͷ͵ͳ�
�ͷ͵ʹ�
,Q� DGGLWLRQ� WR� WKH� ($(&� 7�66��� FOXVWHU�� VKRZQ� WR� EH� LQGXFHG� LQ� PHGLD� PLPLFNLQJ� WKH�ͷ͵͵�
PDFURSKDJH�HQYLURQPHQW��PRVW�RI� WKH�E. coli DQG�Salmonella 7�66�JHQHV�DUH� LQGXFHG�LQ� in ͷ͵Ͷ�
vivo FRQGLWLRQV��7KLV�KDV�EHHQ�UHSRUWHG�IRU�WKH�S. enterica 7\SKLPXULXP�63,���7�66�JHQHV��ͷ͵ͷ�
ZKLFK� DUH� XSUHJXODWHG� GXULQJ� PDFURSKDJH� LQIHFWLRQ� ����� ����� DQG� IRU� WKH� S. enterica ͷ͵͸�
*DOOLQDUXP�63,����7�66�JHQHV�ZKLFK�DUH�XSUHJXODWHG�DIWHU�LQWHUQDOL]DWLRQ�E\�PXULQH�RU�DYLDQ�ͷ͵͹�
PDFURSKDJHV�������7KHVH�GDWD�VXJJHVW�WKDW�WKHVH�7�66�JHQH�FOXVWHUV�PLJKW�SOD\�D�GLUHFW�UROH�ͷ͵ͺ�
GXULQJ� LQIHFWLRQ�RU� WKDW� KRVW�PHGLDWHG� DFWLYDWLRQ�RI� WKH� DQWL�EDFWHULDO� DFWLYLW\�PLJKW� KHOS� WR�ͷ͵ͻ�
FOHDU�WKH�QLFKH�DQG�WR�HQDEOH�HIILFLHQW�FRORQL]DWLRQ��ͷͶͲ�
�ͷͶͳ�
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7UDQVFULSWLRQDO�IUDPHVKLIWLQJ�DQG�SRVW�WUDQVODWLRQDO�DFWLYDWLRQ�ͷͶʹ�
�ͷͶ͵�
,Q�Citrobacter rodentium�� WKH tssM JHQH� LV� VXEMHFWHG� WR� WUDQVFULSWLRQDO� IUDPHVKLIWLQJ�� 7KH�ͷͶͶ�
tssM JHQH� LV� LQWHUUXSWHG� E\� D� SUHPDWXUH� VWRS� FRGRQ�� EXW� D� SRO\�$� VOLSSHU\� WUDFW� ORFDWHG�ͷͶͷ�
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)LJXUH����*HQHWLF�RUJDQL]DWLRQ�DQG�JHQHUDO�DUFKLWHFWXUH�RI�WKH�7�66���$��6FKHPDWLF�UHSUHVHQWDWLRQ�ͻͲͶ�
RI�WKH�7�66�FRUH�JHQHV��*HQHV�DUH�VSHFLILHG�E\�D�OHWWHU�FRUUHVSRQGLQJ�WR�WKH�7VV�QRPHQFODWXUH��³$´�ͻͲͷ�
FRUUHVSRQGLQJ� WR� ³7VV$´�� RU� E\� WKHLU� YHUQDFXODU�� XVXDO� QDPHV� �+FS��9JU*�� 3$$5� DQG�&OS9��� 7KH�ͻͲ͸�
FRORU� FRGH� LV� VKDUHG�ZLWK� SDQHOV�%� DQG�&�� �%��$UFKLWHFWXUH� RI� WKH� 7�66��7KH�PHPEUDQH� FRPSOH[��ͻͲ͹�
FRPSRVHG� RI� WKH� 7VV-� OLSRSURWHLQ� �RUDQJH�� DQG� WKH� 7VV0� �EOXH�� DQG� 7VV/� �UHG�� LQQHU� PHPEUDQH�ͻͲͺ�
SURWHLQV�� LV� LQGLFDWHG� �20�� RXWHU� PHPEUDQH�� 3*�� FHOO� ZDOO�� ,0�� LQQHU� PHPEUDQH��� 7KH� GLIIHUHQW�ͻͲͻ�
UHJLRQV�RI�WKH�WDLO��VSLNH��WXEH��VKHDWK�	�EDVHSODWH��DUH�VKRZQ���&��$UFKLWHFWXUH�RI�D�FRQWUDFWLOH�WDLOHG�ͻͳͲ�
EDFWHULRSKDJH�� &RPSRQHQWV� WKDW� DUH� VKDUHG� ZLWK� WKH� 7�66� �VSLNH�� WXEH�� VKHDWK� 	� EDVHSODWH�� DUH�ͻͳͳ�
GHSLFWHG�ZLWK�WKH�VDPH�FRORU�FRGH��/7)��ORQJ�WDLO�ILEHUV���ͻͳʹ�
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7�66��� �&�� LQ� WKH� LQGLFDWHG�E. coli� VWUDLQV�DUH�VKRZQ�VFKHPDWLFDOO\��+RPRORJRXV�JHQHV�DUH�FRORUHG�ͻ͵Ͳ�
VLPLODUO\� �VHH� ER[� EHORZ��� :KHQ� SUHGLFWDEOH�� SXWDWLYH� SKRVSKROLSDVH� HIIHFWRU�LPPXQLW\� SDLUV�ͻ͵ͳ�
�7OH��7OL���7OH��7OL��RU�7OH��7OL���RU�rhs JHQHV�DUH�LQGLFDWHG��25)V�ZLWK�XQNQRZQ�IXQFWLRQ�DUH�VKRZQ�ͻ͵ʹ�
LQ� ZKLWH�� *HQHV� LQWR� EUDFNHWV� DUH� QRW� SUHVHQW� RU� QRW� LGHQWLFDO� LQ� DOO� WKH� VWUDLQV� OLVWHG�� *HQHV� ZHUH�ͻ͵͵�
LGHQWLILHG�XVLQJ�WKH�6HF5H7��GDWDEDVH���������ͻ͵Ͷ�

)LJXUH����2UJDQL]DWLRQ�RI�7�66�JHQH�FOXVWHUV�LQ�Salmonella��Enterobacter DQG�Citrobacter��*HQHV�ͻ͵ͷ�
HQFRGLQJ� WKH�7�66� LQ� WKH� LQGLFDWHG�VWUDLQV�DUH�VKRZQ�VFKHPDWLFDOO\��+RPRORJRXV�JHQHV�DUH�FRORUHG�ͻ͵͸�
VLPLODUO\��VHH�ER[�LQ�)LJ������:KHQ�SUHGLFWDEOH��rhs�JHQHV�DUH�LQGLFDWHG��7KH�rhsmain DQG�rhsorphan�25)�ͻ͵͹�
VKRZQ� WR� XQGHUJRHV� UH�DUUDQJHPHQWV� ����� DUH� LQGLFDWHG� LQ� WKH�S. enterica 7\SKLPXULXP�63,��� JHQH�ͻ͵ͺ�
FOXVWHU�� DV�ZHOO� DV� WKH�7DH��7DL�� HIIHFWRU�LPPXQLW\� SDLUV� LQ�S. enterica 7\SKLPXULXP�63,��� DQG�E. ͻ͵ͻ�
cloacae��25)V�ZLWK�XQNQRZQ�IXQFWLRQ�DUH�VKRZQ�LQ�ZKLWH��*HQHV�ZHUH�LGHQWLILHG�XVLQJ�WKH�6HF5H7��ͻͶͲ�
GDWDEDVH��������1RWH�WKDW�WKH�WUDQVFULSWLRQ�RI�WKH�C. rodentium tssM JHQH��LQWHUUXSWHG�E\�DQ�HDUO\�VWRS�ͻͶͳ�
FRGRQ��LV�UHVFXHG�E\�IUDPHVKLIWLQJ��������ͻͶʹ�

)LJXUH����$UFKLWHFWXUH�DQG�VWUXFWXUH�RI�WKH�7�66�PHPEUDQH�FRPSOH[���$��7KH�tssJ��tssL DQG�tssM ͻͶ͵�
JHQHV�ZKLFK�HQFRGH�WKH�FRPSRQHQWV�RI�WKH�PHPEUDQH�FRPSOH[���%��6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�ͻͶͶ�
7VV-�� �/�DQG�±0�SURWHLQV���7VV-� LV�DQ�RXWHU�PHPEUDQH� �20��WHWKHUHG� OLSRSURWHLQ�ZKHUHDV�7VV/�DQG�ͻͶͷ�
7VV0�DUH�LQQHU�PHPEUDQH��,0��HPEHEGHG�SURWHLQV��,Q�7�66����WKH�PHPEUDQH�FRPSOH[�FRPSULVHV�DQ�ͻͶ͸�
DGGLWLRQDO� SURWHLQ��7DJ/��ZKLFK�ELQGV� WR� WKH�SHSWLGRJO\FDQ� �3*�� OD\HU� �QRW� GHSLFWHG� KHUH�� ������ �&��ͻͶ͹�
&U\VWDO�VWUXFWXUH�RI�WKH�FRPSOH[�EHWZHHQ�WKH�VROXEOH�IUDJPHQW�RI�7VV-��RUDQJH��DQG�WKH�WZR�&�WHUPLQDO�ͻͶͺ�
GRPDLQV�RI� WKH�7VV0�SHULSODVPLF� VHJPHQW� �OLJKW� DQG�GDUN�EOXH�� LQFOXGLQJ� WKH�&�WHUPLQDO� KHOL[� WKDW�ͻͶͻ�
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LQVHUWV� LQWR� WKH� RXWHU� PHPEUDQH� �LQ� SXUSOH�� IURP� ($(&� 7�66��� �3'%�� �<�2�� �5HSULQWHG� IURP�ͻͷͲ�
UHIHUHQFH����ZLWK�SHUPLVVLRQV����'��&U\VWDO�VWUXFWXUH�RI�WKH�F\WRSODVPLF�GRPDLQ�RI�7VV/�IURP�($(&�ͻͷͳ�
7�66��� �3'%�� �8���� ������ �(�� 1HJDWLYH� VWDLQ� HOHFWURQ� PLFURFRS\� VWUXFWXUH� UHFRQVWUXFWLRQ� RI� WKH�ͻͷʹ�
($(&�7VV-/0�FRPSOH[� �ORZHU�SDQHO��(0'%�������� �DGDSWHG� IURP� UHIHUHQFH����ZLWK�SHUPLVVLRQV��ͻͷ͵�
�VFDOH�EDU�LV����QP���7KH�SRVLWLRQ�RI�WKH�RXWHU��20��DQG�LQQHU��,0��PHPEUDQHV�DUH�SUHGLFWHG�EDVHG�RQ�ͻͷͶ�
WKH�SUHVHQFH�RI�GHWHUJHQW�PLFHOOH�DQG�WKH�SXWDWLYH�ORFDWLRQ�RI�WKH�WUDQV�PHPEUDQH�VHJPHQWV�RI�7VV0��ͻͷͷ�
UHVSHFWLYHO\�� ,Q� WKH� XSSHU� SDQHO� LV� VKRZQ� D� WRS� YLHZ� RI� WKH� 7VV-/0� FRPSOH[� LQ� ZKLFK� FU\VWDO�ͻͷ͸�
VWUXFWXUHV�RI� WKH�7VV-�0�FRPSOH[��SDQHO�&��DUH�GRFNHG��KLJKOLJKWLQJ� WKH�SUHVHQFH�RI� WZR�FRQFHQWULF�ͻͷ͹�
OD\HUV�FORVLQJ�WKH�FKDQQHO�DW�WKH�RXWHU�PHPEUDQH��ͻͷͺ�

)LJXUH����$UFKLWHFWXUH�DQG�VWUXFWXUH�RI�WKH�7�66�WDLO�FRPSOH[���$��7KH�tssA��tssB��tssC��tssE��tssF��ͻͷͻ�
tssG��tssK��hcp��vgrG�DQG�paar JHQHV�ZKLFK�HQFRGH�WKH�FRPSRQHQWV�RI�WKH�WDLO�FRPSOH[��EOXH��VKHDWK�ͻ͸Ͳ�
VXEXQLWV�� EODFN�� LQQHU� WXEH� VXEXQLW�� JUHHQ�� VSLNH� VXEXQLWV�� SLQN�� SXWDWLYH� EDVHSODWH� VXEXQLWV��� �%��ͻ͸ͳ�
6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�7�66�WDLO�FRPSOH[��VDPH�FRORU�FRGH�DV�SDQHO�$����&��6WUXFWXUDO�PRGHO�ͻ͸ʹ�
RI� ($(&� 7�66��� 7VV(� EDVHG� RQ� WKH� EDFWHULRSKDJH� JS��� FU\VWDO� VWUXFWXUH� �3'%�� �+5=��� �'��ͻ͸͵�
&RPSRVLWH� VWUXFWXUH� PDGH� ZLWK� WKH� FU\VWDO� VWUXFWXUHV� �IURP� ERWWRP� WR� WRS�� RI� WKH� 83(&� &7)����ͻ͸Ͷ�
9JU*��SURWHLQ��3'%����3���������� WKH�E. coli�2����('/����β�KHOLFDO�SULVP��3'%���:,7�������DQG�ͻ͸ͷ�
WKH�E. coli 2�� 3$$5� SURWHLQ� �3'%�� �-,:�� ������ �(�� &U\VWDO� VWUXFWXUH� RI� WKH� ($(&� 7�66��� +FS�ͻ͸͸�
KH[DPHU� �OHIW�� WRS� YLHZ�� ULJKW�� VLGH� YLHZ�� �3'%�� �+.+�� ������ �)�� &U\R�HOHFWURQ� PLFURJUDSK� RI� D�ͻ͸͹�
FRQWUDFWHG�7�66�VKHDWK�IURP�V. cholerae �OHIW�SDQHO��VFDOH�EDU�LV�����QP��DQG�DWRPLF�UHVROXWLRQ�FU\R�ͻ͸ͺ�
HOHFWURQ� VWUXFWXUH� RI� WKH� 7VV%�&� FRPSOH[ �3'%�� �-�*�� ����� �DGDSWHG� IURP� UHIHUHQFH� ��� ZLWK�ͻ͸ͻ�
SHUPLVVLRQV�����ͻ͹Ͳ�

)LJXUH� ��� 7�66� VKHDWK� FRQWUDFWLRQ� FRLQFLGHV� ZLWK� WDUJHW� FHOO� O\VLV�� 7LPH�ODSVH� IOXRUHVFHQFH�ͻ͹ͳ�
PLFURVFRS\� UHFRUGLQJV� RI� ($(&� SURGXFLQJ� IOXRUHVFHQWO\�ODEHOHG� VKHDWK� VXEXQLWV� �7VV%�VI*)3�� LQ�ͻ͹ʹ�
SUHVHQFH�RI�P&KHUU\�ODEHOHG�7�66��E. coli .����SUH\�FHOOV��RQH�LPDJH�HYHU\�����PLQ���7KH�WLPH�ODSVH�ͻ͹͵�
KLJKOLJKWV�WKH�DVVHPEO\�DQG�WKH�FRQWUDFWLRQ��ZKLWH�DUURZ��RI�WKH�7�66�VKHDWK��IROORZHG�E\�WKH�O\VLV�RI�ͻ͹Ͷ�
WKH�WDUJHW�FHOO��6FDOH�EDU�LV���µP��$GDSWHG�IURP�UHIHUHQFH����ZLWK�SHUPLVVLRQV��ͻ͹ͷ�

)LJXUH� ���� 5HJXODWLRQ� RI� WKH� ($(&� 7�66��� JHQH� FOXVWHU�� �$�� 6FKHPDWLF� UHSUHVHQWDWLRQ� RI� WKH�ͻ͹͸�
SURPRWHU� RUJDQL]DWLRQ� RI� WKH� ($(&� 7�66��� JHQH� FOXVWHU�� 7KH� ORFDWLRQ� RI� WKH� ���� DQG� ����ͻ͹͹�
WUDQVFULSWLRQDO� HOHPHQWV� �EOXH��� RI� WKH� )XU�ELQGLQJ� VHTXHQFHV� �UHG�� DQG� RI� RQH� RI� WKH� *$7&� VLWH�ͻ͹ͺ�
�JUHHQ��DUH�VKRZQ���%��5HJXODWRU\�PHFKDQLVP�RI�WKH�($(&�7�66���JHQH�FOXVWHU�������,Q�LURQ�UHSOHWH�ͻ͹ͻ�
FRQGLWLRQV��D�)XU�GLPHU��UHG�EDOOV��UHSUHVVHV�WKH�H[SUHVVLRQ�RI�WKH�7�66�� JHQH�FOXVWHU�E\�ELQGLQJ�WR�ͻͺͲ�
WKH�)XU����ER[��ZKLFK�RYHUODSV�ZLWK�WKH�����HOHPHQW��2))���:KHQ�LURQ�LV�OLPLWLQJ��WKH�����HOHPHQW�LV�ͻͺͳ�
DYDLODEOH�IRU�WKH�51$�SRO\PHUDVH�DOORZLQJ�H[SUHVVLRQ�RI�WKH�7�66���JHQHV��21���8SRQ�UHSOLFDWLRQ��ͻͺʹ�
WKH� *$7&� VLWH� LV� PHWK\ODWHG� �&+��� DQG� E\� SUHYHQWLQJ� )XU� ELQGLQJ� DOORZV� )XU�LQGHSHQGHQW��ͻͺ͵�
FRQVWLWXWLYH�H[SUHVVLRQ�RI�WKH�7�66���JHQH�FOXVWHU��ͻͺͶ�
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DQWL�EDFWHULDO� 7DH�� �������
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S. 7\SKL� 7\�� V\VWHPLF�LQIHFWLRQ�LQ�PLFH� �� ���
E. cloacae $7&&������ DQWL�EDFWHULDO��SXWDWLYH�� 7DH�� �������
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&76�� C. rodentium ,&��� DQWL�EDFWHULDO� �� ���
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�
7DEOH����3KHQRW\SHV�DQG�HIIHFWRUV�DVVRFLDWHG�ZLWK�7�66�LQ�E. coli��Salmonella DQG�UHODWHG�
VSHFLHV��
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