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$EVWUDFW����

1DQRERGLHV� DUH� VLQJOH�GRPDLQ� DQWLERGLHV� RI� FDPHOLG� RULJLQ��:H� JHQHUDWHG� QDQRERGLHV����

DJDLQVW�WKH�YHUWHEUDWH�QXFOHDU�SRUH�FRPSOH[��13&��DQG�XVHG�WKHP�LQ�67250�LPDJLQJ�WR����

ORFDWH� LQGLYLGXDO� 13&� SURWHLQV� ZLWK� ��QP� HSLWRSH�ODEHO� GLVSODFHPHQW�� )RU� WKLV�� ZH����

LQWURGXFHG� F\VWHLQHV� DW� VSHFLILF� SRVLWLRQV� LQ� WKH� QDQRERG\� VHTXHQFH� DQG� ODEHOHG� WKH����

UHVXOWLQJ�SURWHLQV�ZLWK�IOXRURSKRUH�PDOHLPLGHV��$V�QDQRERGLHV�DUH�QRUPDOO\�VWDELOL]HG�E\����

GLVXOILGH�ERQGHG� F\VWHLQHV�� WKLV� DSSHDUV� FRXQWHULQWXLWLYH��<HW�� RXU� DQDO\VLV� VKRZHG� WKDW����

WKLV�FDXVHG�QR�IROGLQJ�SUREOHPV��&RPSDUHG�WR�WUDGLWLRQDO�1+6�HVWHU�ODEHOLQJ�RI�O\VLQHV�����

WKH�F\VWHLQH�PDOHLPLGH�VWUDWHJ\�UHVXOWHG�LQ�IDU�OHVV�EDFNJURXQG�LQ�IOXRUHVFHQFH�LPDJLQJ�����

LW� EHWWHU� SUHVHUYHG� HSLWRSH� UHFRJQLWLRQ� DQG� LW� LV� VLWH�VSHFLILF��:H� DOVR� GHYLVHG� D� UDSLG����

HSLWRSH�PDSSLQJ� VWUDWHJ\�� ZKLFK� UHOLHV� RQ� FURVVOLQNLQJ� PDVV� VSHFWURPHWU\� DQG� WKH����

LQWURGXFHG� HFWRSLF� F\VWHLQHV�� )LQDOO\��ZH� XVHG� GLIIHUHQW� DQWL�QXFOHRSRULQ� QDQRERGLHV� WR����

SXULI\�WKH�PDMRU�13&�EXLOGLQJ�EORFNV���HDFK�LQ�D�VLQJOH�VWHS��ZLWK�QDWLYH�HOXWLRQ�DQG��DV����

GHPRQVWUDWHG�� LQ� H[FHOOHQW� TXDOLW\� IRU� VWUXFWXUDO� DQDO\VLV� E\� HOHFWURQ� PLFURVFRS\�� 7KH����

SUHVHQWHG�VWUDWHJLHV�DUH�DSSOLFDEOH�WR�DQ\�QDQRERG\�DQG�QDQRERG\�WDUJHW�����
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,QWURGXFWLRQ����
1DQRERGLHV�UHSUHVHQW�DQWLJHQ�ELQGLQJ�GRPDLQV�RI��KHDY\�FKDLQ�RQO\��FDPHOLG�DQWLERGLHV����

DQG�DUH�W\SLFDOO\�VHOHFWHG�E\�SKDJH�GLVSOD\�IURP�DQ�LPPXQH�OLEUDU\��+DPHUV�&DVWHUPDQ����

HW�DO���������$UEDEL�*KDKURXGL�HW�DO���������0X\OGHUPDQV���������7KHLU�VPDOO�VL]H��a������

N'D��� PRQRFORQDO� QDWXUH� DQG� KLJK� VSHFLILFLW\� DUH� LGHDO� IRU� DSSOLFDWLRQV� OLNH� DIILQLW\����

SXULILFDWLRQ� RU� SURWHLQ� GHWHFWLRQ� DQG� ORFDOL]DWLRQ� �+HOPD� HW� DO��� ������� 7KHLU� XWLOLW\� DV����

FU\VWDOOL]DWLRQ�FKDSHURQHV�LV�DOVR�ZLGHO\�DSSUHFLDWHG��3DUGRQ�HW�DO���������'HVP\WHU�HW�DO������

����������

1DQRERGLHV�DUH�FRPPRQO\�H[SUHVVHG�LQ�E. coli�DQG�VHFUHWHG�LQWR�WKH�R[LGDWLYH�SHULSODVP�����

ZKHUH�WKHLU�FRQVHUYHG�LQWHUQDO�GLVXOILGH�ERQG�FDQ�EH�IRUPHG��9LQFNH�HW�DO���������3DUGRQ����

HW� DO��� ������ )ULG\� HW� DO��� ������� 3HULSODVPLF� H[SUHVVLRQ� FRPHV�� KRZHYHU�� ZLWK� VHYHUDO����

GUDZEDFNV��)RU�H[DPSOH��LW�RIWHQ�UHVXOWV�LQ�ORZ�ILQDO�\LHOG��%DQH\[�DQG�0XMDFLF������������

SUREDEO\� GXH� WR� VDWXUDWLRQ� RI� WKH� VHFUHWLRQ� PDFKLQHU\� DQG� DJJUHJDWLRQ� RI� SUHFXUVRU����

SURWHLQV�LQ�WKH�F\WRSODVP��7KH�OLPLWHG�VHW�RI�FKDSHURQHV�DQG�KLJK�SURWHRO\WLF�DFWLYLW\�LQ����

WKH�SHULSODVP�DOVR�UHVWULFW� WKH�FKRLFHV�RI� IXVLRQ� WDJV� WKDW�FDQ�EH�XVHG��GH�0DUFR�����������

)HLOPHLHU� HW� DO��� ������� )XUWKHUPRUH�� WKH� SXULILFDWLRQ� RI� SHULSODVPLF� SURWHLQV� LQYROYHV����

FRQVLGHUDEO\�PRUH�KDQGV�RQ�WLPH�WKDQ�SXULILFDWLRQ�IURP�WKH�F\WRSODVP�����

,Q�W\SLFDO�DIILQLW\�FKURPDWRJUDSK\�DSSOLFDWLRQV��QDQRERGLHV�DUH�FRYDOHQWO\�DWWDFKHG�WR�D����

UHVLQ��ZKLFK� ODWHU� QHFHVVLWDWHV� KDUVK� FRQGLWLRQV� IRU� WKH� HOXWLRQ� RI� ERXQG� WDUJHW� SURWHLQV����

�5RWKEDXHU�HW�DO���������)ULG\�HW�DO����������7KLV�LV�DSSURSULDWH�IRU�DQ�LGHQWLILFDWLRQ��EXW����

KDUGO\�IRU�DQ\�IXUWKHU�GRZQVWUHDP�VWUXFWXUDO�RU�IXQFWLRQDO�DQDO\VLV�RI�WKH�SXULILHG�WDUJHW����

SURWHLQV�� $V� D� ZRUNDURXQG�� D� QDWLYH� LVRODWLRQ� RI� SURWHLQ� $�WDJJHG� SURWHLQ� FRPSOH[HV����

XVLQJ�D�VSHFLILF�QDQRERG\�PRGLILHG�ZLWK�D�GLWKLRWKUHLWRO��'77��FOHDYDEOH�FURVVOLQNHU�ZDV����

UHFHQWO\�UHSRUWHG��)ULG\�HW�DO����������+RZHYHU��WKH�DFKLHYDEOH�\LHOG�ZDV�PRGHVW��DV�PRVW����
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RI� WKH� LVRODWHG� FRPSOH[HV� UHVLVWHG� UHOHDVH�� )XUWKHUPRUH�� WKH� SUHVHQFH� RI� DQ\� WKLRO����

UHGXFLQJ�DJHQW��OLNH�'77�RU�JOXWDWKLRQ��GXULQJ�ELQGLQJ�LV�LQFRPSDWLEOH�ZLWK�WKLV�PHWKRG�����

,Q� WUDGLWLRQDO� LQGLUHFW� LPPXQRIOXRUHVFHQFH�� HSLWRSHV� DUH� LQLWLDOO\� GHFRUDWHG� ZLWK� D����

SULPDU\� DQWLERG\� DQG� GHWHFWHG�ZLWK� D� IOXRURSKRUH�ODEHOHG� VHFRQGDU\� RQH�� HDFK� DURXQG����

������QP� LQ� VL]H� �+DUULV� HW� DO��� ������� 7KH� HIIHFWLYH� GLVSODFHPHQW� EHWZHHQ� ODEHO� DQG����

HSLWRSH� FDQ� UHDFK� XS� WR� ������ QP� DQG� WKXV� VLJQLILFDQWO\� GHWHULRUDWH� WKH� DFKLHYDEOH����

SUHFLVLRQ� DQG� DFFXUDF\� RI� SURWHLQ� ORFDOL]DWLRQ� E\� VXSHU�UHVROXWLRQ� IOXRUHVFHQFH����

PLFURVFRS\��+HOO��������+XDQJ�HW�DO����������1DQRERGLHV��GLDPHWHU����QP��DUH�DQ�LGHDO����

VROXWLRQ� WR� WKLV� SUREOHP� �5LHV� HW� DO��� ������ 6]\PERUVND� HW� DO��� ������� 7KLV�� KRZHYHU�����

UHTXLUHV�D�GLUHFW�QDQRERG\�ODEHOLQJ��,GHDOO\�� ODEHOLQJ�VKRXOG�EH�VLWH�VSHFLILF��VR� WKDW� WKH����

UHPDLQLQJ�VPDOO�GLVSODFHPHQW�EHWZHHQ�HSLWRSH�DQG�IOXRUHVFHQW�G\H�FDQ�EH�SUHGLFWHG�DQG����

FRUUHFWHG�IRU�LQ�WKH�PHDVXUHPHQWV�����

6R� IDU�� QDQRERGLHV� ZHUH� ODEHOHG� DW� O\VLQHV� E\� 1�+\GUR[\VXFFLQLPLGH� �1+6�� HVWHU����

IOXRURSKRUHV� �5LHV� HW� DO��� ������ )ULG\� HW� DO��� ������� ZKLFK� LV� UDQGRP� DQG� UDUHO\����

TXDQWLWDWLYH��$V�ZH�VKRZ�EHORZ��LW�DOVR�GHWHULRUDWHV�VLJQDO�WR�EDFNJURXQG�UDWLRV�RU�HYHQ����

FRPSOHWHO\� DEROLVKHV� HSLWRSH� UHFRJQLWLRQ��$�ZRUNDURXQG� WR� WKLV� EDVLF� SUREOHP�ZDV� WKH����

DGGLWLRQ�RI�D�&�WHUPLQDO�ROLJR�O\VLQH�VWUHWFK�WR�GLYHUW�ODEHOLQJ�IURP�QDQRERG\�IUDPHZRUN����

O\VLQH� UHVLGXHV� �GHVFULEHG� IRU� WKH� DQWL�*)3� QDQRERG\� �(QKDQFHU�� LQ� 3ODWRQRYD� HW� DO������

������� 7KLV�� KRZHYHU�� LQFUHDVHV� WKH� HSLWRSH�ODEHO� GLVWDQFH� DJDLQ�� )XUWKHUPRUH�����

IOXRUHVFHQW� ODEHOLQJ� RI� QDQRERGLHV� XVLQJ� 6RUWDVH�$�ZDV� SUHVHQWHG� �:LWWH� HW� DO��� ����������

7KLV�VWUDWHJ\�LV�OLPLWHG�WR�WKH�1��RU�&�WHUPLQXV�DQG�XVHV�PRGLILHG�IOXRURSKRUHV�WKDW�DUH����

QRW� UHDGLO\� DYDLODEOH�� $GGLQJ� DQ� H[WUD� &�WHUPLQDO� F\VWHLQH� �IRU� VXEVHTXHQW� PDOHLPLGH����

PRGLILFDWLRQ��WR�D�SHULSODVPLFDOO\�H[SUHVVHG�QDQRERG\�ZDV�DOVR�QRW�D�VDWLVI\LQJ�VROXWLRQ�����
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EHFDXVH�LW�OHG�WR�D�VHYHUH�UHGXFWLRQ�LQ�\LHOG�DQG�FDXVHG�H[WHQVLYH�GLPHUL]DWLRQ��0DVVD�HW����

DO�������������

+HQFH��ZH�H[SORUHG�VROXWLRQV�WR�WKH�DERYH�GHVFULEHG�OLPLWDWLRQV�RI�WKH�FXUUHQW�QDQRERG\����

WHFKQRORJ\�� :H� GHPRQVWUDWH� IXQFWLRQDO� F\WRSODVPLF� H[SUHVVLRQ� RI� QDQRERGLHV� ZLWK����

SURWHDVH�FOHDYDEOH�WDJV�IRU�QDWLYH�DIILQLW\�SXULILFDWLRQ�DQG�ZLWK�HQJLQHHUHG�F\VWHLQHV�IRU����

VLWH�VSHFLILF�IOXRUHVFHQW�ODEHOLQJ��:H�FKRVH�WKH�Xenopus�QXFOHDU�SRUH�FRPSOH[��13&��DV����

D� PRGHO� WDUJHW� DQG� GHYHORSHG� D� WRROER[� RI� KLJK�DIILQLW\� QDQRERGLHV� DJDLQVW� LWV� PDMRU����

FRQVWLWXHQW� SURWHLQV�� QXFOHRSRULQV� �1XSV��� ZKLFK� RFFXU� LQ� ODUJH� VXEFRPSOH[HV�� 8VLQJ����

VSHFLILF�QDQRERGLHV��ZH�SXULILHG�WKHLU�WDUJHW�SURWHLQ�FRPSOH[HV�IURP�Xenopus HJJ�H[WUDFW����

LQ� D� VLQJOH� VWHS�ZLWK�QDWLYH� HOXWLRQ�EDVHG�RQ�SURWHRO\WLF�PDWUL[�UHOHDVH��7KLV� DOORZHG�D����

GLUHFW� DQDO\VLV� RI� QDQRERG\�SXULILHG� HQGRJHQRXV� 1XS� FRPSOH[HV� E\� QHJDWLYH� VWDLQ����

HOHFWURQ� PLFURVFRS\�� /DEHOLQJ� WKHVH� DQWL�1XS� QDQRERGLHV� ZLWK� 1+6� HVWHU� IOXRUHVFHQW����

G\HV� IRU� LPDJLQJ� RIWHQ� SURGXFHG� QRQ�IXQFWLRQDO� UHDJHQW� RU� VLJQLILFDQW� EDFNJURXQG����

VWDLQLQJ�� :H� WKHUHIRUH� LPSOHPHQWHG� D� VLPSOH� DQG� JHQHUDOO\� DSSOLFDEOH� VWUDWHJ\� IRU����

REWDLQLQJ�VLWH�VSHFLILFDOO\�IOXRURSKRUH�ODEHOHG�QDQRERGLHV�RI�VXSHULRU�LPDJLQJ�TXDOLW\��,W����

LQYROYHV�HQJLQHHUHG�F\VWHLQHV�DW�WKH�QDQRERG\�VXUIDFH��WKHLU�PRGLILFDWLRQ�ZLWK�PDOHLPLGH����

IOXRURSKRUHV�� DQG� OHDYHV� WKH� LQWHUQDO� IUDPHZRUN� F\VWHLQHV� IXOO\� LQWDFW�� 7KLV� VWUDWHJ\�����

DOORZHG�VXSHU�UHVROXWLRQ�LPDJLQJ�RI�13&V�ZLWK�D�QHJOLJLEOH�ODEHO�GLVSODFHPHQW�DQG�YHU\�����

ORZ� EDFNJURXQG�� $� QRYHO� VWUDWHJ\� IRU� UDSLG� PDSSLQJ� RI� FRQIRUPDWLRQDO� QDQRERG\�����

HSLWRSHV�YLD�FURVVOLQNLQJ�PDVV�VSHFWURPHWU\�LQYROYLQJ�WKH�HQJLQHHUHG�VXUIDFH�F\VWHLQHV�LV�����

DOVR�SUHVHQWHG�KHUH�� �����
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5HVXOWV�����

13&V�DUH�JDWHZD\V�IRU�QXFOHRF\WRSODVPLF�WUDQVSRUW��7KHLU�YHU\�ODUJH�VL]H�RI�§�����0'D�����

QRW�RQO\�SODFHV�WKHP�DPRQJVW�WKH�ODUJHVW�PROHFXODU�PDFKLQHV��EXW�DOVR�SRVHV�IRUPLGDEOH�����

FKDOOHQJHV� IRU� DQ\� VWUXFWXUDO� DQG� IXQFWLRQDO� LQYHVWLJDWLRQ� �UHYLHZHG� LQ�+XUW� DQG�%HFN������

�������1XFOHRSRULQV�DUH�RUJDQL]HG� LQ�PXOWLSOH�VXEFRPSOH[HV�DURXQG�D�FHQWUDO�HLJKWIROG�����

URWDWLRQDO� V\PPHWU\�D[LV��&HUWDLQO\�� WKH�PRVW�FKDUDFWHULVWLF� VXEFRPSOH[� LV� WKH�1XS��������

1XS����RU�<�VKDSHG�FRPSOH[��6LQLRVVRJORX�HW�DO���������9DVX�HW�DO����������,WV�HVVHQWLDO�����

UROH� LQ�13&�DVVHPEO\� �+DUHO�HW�DO���������:DOWKHU�HW�DO���������DV�ZHOO�DV� LWV� VWUXFWXUDO�����

RUJDQL]DWLRQ�DQG�UHODWLYH�SRVLWLRQ�ZLWKLQ�WKH�13&�KDYH�EHHQ�VWXGLHG�LQWHQVHO\��%XL�HW�DO�������

������(LEDXHU� HW� DO��� ������.HOOH\� HW� DO��� ������ 6WXZH� HW� DO��� ����E�� YRQ�$SSHQ� HW� DO�������

������� 7KH� LQQHU� ULQJ� RI� WKH� 13&� VFDIIROG� FRPSULVHV� DOVR� HVVHQWLDO� 1XS���FRQWDLQLQJ�����

VXEFRPSOH[HV��6DFKGHY�HW�DO���������9ROOPHU�DQG�$QWRQLQ���������ZKRVH�VWRLFKLRPHWU\�����

DQG� RULHQWDWLRQ� DUH� OHVV� XQGHUVWRRG�� 1XS��� IXUWKHU� DQFKRUV� WKH� WULPHULF�����

1XS��y1XS��y1XS���FRPSOH[�LQ�WKH�FHQWUDO�WUDQVSRUW�FKDQQHO��)LQOD\�HW�DO���������+X�HW�����

DO���������&KXJ�HW�DO���������6WXZH�HW�DO�������D�������

�����

)XQFWLRQDO�F\WRSODVPLF�H[SUHVVLRQ�RI�DQWL�13&�QDQRERGLHV������

,Q� RUGHU� WR� SURYLGH� QHZ� WRROV� IRU� VWXG\LQJ� 13&V�� ZH� JHQHUDWHG� QDQRERGLHV� DJDLQVW�����

FRQVWLWXHQWV�RI�WKH�Xenopus�13&�VFDIIROG��QDPHO\�1XS����1XS����DQG�1XS�����DV�ZHOO�����

DV� DJDLQVW� 1XS��� DQG� WKH� 1XS��y1XS��y1XS��� FRPSOH[�� 7KH� ODWWHU� WZR� VSHFLHV� ZHUH�����

LQFOXGHG�EHFDXVH� WKHLU�3KH�*O\��)*��UHSHDW�GRPDLQV� IRUP�D�SHUPHDELOLW\�EDUULHU�ZLWKLQ�����

WKH�FHQWUDO�13&�FKDQQHO��+�OVPDQQ�HW�DO���������+LJK�DIILQLW\�QDQRERGLHV�DJDLQVW�DOO�RI�����

WKHVH�WDUJHWV�ZHUH�UHDGLO\�REWDLQHG�IURP�DOSDFD�LPPXQH�OLEUDULHV�E\�SKDJH�GLVSOD\������
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:H�QRWLFHG�WKDW�WKHVH�QDQRERGLHV�FRXOG�EH�SURGXFHG�LQ�WKH�F\WRSODVP�RI�YDULRXV�E. coli�����

VWUDLQV��DV�UHFHQWO\�UHSRUWHG�IRU�RWKHU�QDQRERGLHV��2OLFKRQ�DQG�6XUUH\��������=DUVFKOHU�HW�����

DO���������'MHQGHU�HW�DO����������:H�DOVR�REVHUYHG�WKDW�IXVLQJ�QDQRERGLHV�EHKLQG�D�+LV�������

EG1(''�� PRGXOH� �)UH\� DQG� *|UOLFK�� ������ LQFUHDVHG� WKHLU� \LHOG� GUDPDWLFDOO\�����

�)LJXUH��D�������

,Q�RUGHU�WR�WHVW�ZKHWKHU�GLVXOILGH�ERQG�IRUPDWLRQ�FDQ�RFFXU�LQ�WKH�F\WRSODVP�DQG�LI�WKLV�LV�����

LPSRUWDQW� IRU� QDQRERG\� IXQFWLRQ�� ZH� H[SUHVVHG� DQ� DQWL�1XS��� DQG� DQ� DQWL�1XS�������

QDQRERG\� HLWKHU� LQ� WKH� SHULSODVP�� WKH� UHGXFWLYH� F\WRSODVP� RI� E. coli� %/5� RU� LQ� WKH�����

F\WRSODVP�RI�E. coli�6+XIIOH��7KH�ODWWHU�VWUDLQ�FRQWDLQV�D�F\WRSODVPLF�GLVXOILGH�LVRPHUDVH�����

DQG�KDUERUV�PXWDWLRQV� WKDW� UHQGHU� LWV�F\WRSODVP��PRGHUDWHO\��R[LGDWLYH��/REVWHLQ�HW�DO�������

�������7KH�REWDLQHG�QDQRERG\�YDULDQWV�ZHUH� WKHQ� WUHDWHG�ZLWK�ELRWLQ�3(*���PDOHLPLGH�����

XQGHU� GHQDWXULQJ� FRQGLWLRQV�� 5HGXFHG� QDQRERGLHV� DUH� WKHUHE\� PRGLILHG� DW� WKHLU� IUHH�����

F\VWHLQHV�� DQG� WKH� UHVXOWLQJ� VL]H� VKLIW� GLVWLQJXLVKHV� WKHP� IURP� GLVXOILGH�FRQWDLQLQJ�����

QDQRERGLHV� �)LJXUH��E��� :KLOH� SHULSODVPLF� VHFUHWLRQ� UHVXOWHG� LQ� IXOO\� R[LGL]HG�����

QDQRERGLHV�� RQO\� D� IUDFWLRQ� RI� WKH� 6+XIIOH�H[SUHVVHG� QDQRERGLHV� FRQWDLQHG� D� GLVXOILGH�����

ERQG��&\WRSODVPLF�H[SUHVVLRQ�LQ�E. coli�%/5�\LHOGHG�FRPSOHWHO\�UHGXFHG�QDQRERGLHV������

2QH�FRXOG�DVVXPH�WKDW�WKH�DQWLJHQ�DIILQLW\�RI�QDQRERGLHV�LV�QHJDWLYHO\�DIIHFWHG�E\�D�ORVV�����

RI�WKHLU�VFDIIROG�GLVXOILGH�ERQG��$�FRPSHWLWLRQ�IRU�DQWLJHQ�ELQGLQJ�UHYHDOHG��KRZHYHU��QR�����

DIILQLW\� GLIIHUHQFH� EHWZHHQ� UHGXFHG� DQG� GLVXOILGH� ERQG�FRQWDLQLQJ� DQWL�1XS�������

QDQRERGLHV� �)LJXUH��F���$V�H[SHFWHG��ZH�REVHUYHG�E\�GLIIHUHQWLDO� VFDQQLQJ� IOXRULPHWU\�����

�1LHVHQ�HW� DO��� ������ D�GHFUHDVHG� WKHUPRVWDELOLW\� RI� IXOO\� UHGXFHG� DQWL�1XS��� DQG� DQWL�����

1XS��� QDQRERGLHV� �)LJXUH��G��� 7KHLU� PHOWLQJ� WHPSHUDWXUHV� RI� ���&� DQG� ���&� DUH������
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KRZHYHU�� VWLOO� ZHOO� DERYH� DQ\� UHDVRQDEOH� LQFXEDWLRQ� WHPSHUDWXUH� IRU� GRZQVWUHDP�����

DSSOLFDWLRQV������

$OO�QDQRERGLHV�WKDW�ZH�REWDLQHG�YLD�SKDJH�GLVSOD\�DJDLQVW�D�ZLGH�UDQJH�RI�DQWLJHQV�FRXOG�����

EH� IXQFWLRQDOO\� SURGXFHG� LQ� WKH�E. coli� F\WRSODVP��2QO\� YHU\� IHZ�RI� WKRVH� QDQRERGLHV�����

FRQWDLQHG� D� VHFRQG� SDLU� RI� F\VWHLQHV� WKDW� FDQ� IRUP� DQ� DGGLWLRQDO�� VROYHQW�H[SRVHG�����

GLVXOILGH� ERQG� EHWZHHQ� WKH� DQWLJHQ�ELQGLQJ� ORRSV� &'5� ,,� DQG� &'5� ,,,� ZKLFK� OLNHO\�����

FRQWULEXWHV� WR� WKH� RYHUDOO� DIILQLW\� �*RYDHUW� HW� DO��� ������� +RZHYHU�� PRVW� ELRFKHPLFDO�����

DSSOLFDWLRQV�DV�ZHOO�DV�LPDJLQJ�WHFKQLTXHV�OLNH�67250�UHTXLUH�UHGXFLQJ�FRQGLWLRQV�WKDW�����

GLVUXSW�DFFHVVLEOH�GLVXOILGH�ERQGV��PDNLQJ�VXFK�QDQRERGLHV�D�SRRU�RSWLRQ�DQ\ZD\������

�����

1DWLYH�SXULILFDWLRQ�RI�HQGRJHQRXV�SURWHLQ�FRPSOH[HV�XVLQJ�QDQRERGLHV�����

&\WRSODVPLF�H[SUHVVLRQ�RI�QDQRERGLHV�SURYLGHV�D�QXPEHU�RI�DGYDQWDJHV��)LUVW��WKH�\LHOG�����

RIWHQ�H[FHHGV�����PJ�SHU�OLWHU�RI�FXOWXUH�DQG�FDQ�EH�XS�WR����WLPHV�KLJKHU�DV�FRPSDUHG�WR�����

SHULSODVPLF� H[SUHVVLRQ� �)LJXUH��D��� 6HFRQG�� LW� VDYHV� KDQGV�RQ� WLPH�� EHFDXVH� D�����

FXPEHUVRPH�SUHSDUDWLRQ� RI� D� SHULSODVPLF� IUDFWLRQ� LV� E\SDVVHG�� DQG� WKLUG�� D� IDU� EURDGHU�����

UDQJH�RI�IXVLRQ�PRGXOHV�FDQ�EH�XVHG������

:H�H[SORLWHG� WKLV� IRU�DIILQLW\�SXULILFDWLRQ�RI�HQGRJHQRXV� WDUJHW�SURWHLQ�FRPSOH[HV�ZLWK�����

QDQRERGLHV� DQG� QDWLYH� HOXWLRQ�� )RU� WKLV� VWUDWHJ\�� ZH� SURGXFHG� +LV���$YL��*O\6HU�������

68026WDU��*O\6HU���QDQRERG\� IXVLRQV� DQG� SXULILHG� WKHP� E\� 1L��� FKHODWH� DIILQLW\�����

FKURPDWRJUDSK\�DQG�LPLGD]ROH�HOXWLRQ��)LJXUH���±�ILJXUH�VXSSOHPHQW��D���7KH�$YL�WDJ�����

FDQ� EH� ELRWLQ\ODWHG� E\� F\WRSODVPLF� FR�H[SUHVVLRQ� RI� WKH� ELRWLQ� OLJDVH� %LU$� LQ� E. coli ����

�6FKDW]��������%HFNHWW�HW�DO���������RU in vitro�XVLQJ�WKH�SXULILHG�HQ]\PH��)DLUKHDG�DQG�����

+RZDUWK�� ������� ,W� WKHQ� PHGLDWHV� ELQGLQJ� RI� WKH� SXULILHG� QDQRERG\� WR� VWUHSWDYLGLQ�����

PDJQHWLF� EHDGV�� 7KH� LQWHUVSHUVHG� ORQJ� XQIROGHG� *O\�6HU� VSDFHUV� PLQLPL]H� VWHULF�����
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KLQGUDQFH�HIIHFWV��7KH�68026WDU�PRGXOH�LV�DQ�HQJLQHHUHG�6802�YDULDQW�WKDW�FDQQRW�EH�����

FOHDYHG� E\� HQGRJHQRXV� HXNDU\RWLF� GHVXPR\ODVHV� EXW� E\� DQ� HQJLQHHUHG� 68026WDU�����

SURWHDVH� �/LIH6HQVRUV�� /LX� HW� DO��� ������� ,Q� FRPELQDWLRQ�� WKHVH� PRGXOHV� DOORZ� QDWLYH�����

HOXWLRQ�RI�QDQRERG\�ERXQG�WDUJHW�SURWHLQV�RU�SURWHLQ�FRPSOH[HV�E\�FOHDYLQJ�WKH�WDJ�ZLWK�����

QDQRPRODU�FRQFHQWUDWLRQV�RI�WKH�68026WDU�SURWHDVH��7KLV�VWUDWHJ\�DOVR�SURYLGHV�D�SXUHU�����

DQG�PRUH�VSHFLILF�HQG�SURGXFW��EHFDXVH�DQ\�SURWHLQ�VSHFLHV��ZKLFK�VWLFNV�QRQ�VSHFLILFDOO\�����

WR�WKH�EHDGV��ZLOO�QRW�EH�UHOHDVHG��7KXV��VXFK�KLJKO\�VSHFLILF�SURWHDVH�HOXWLRQ�PDNHV�WKH�����

RWKHUZLVH� FUXFLDO� FRQWURO� IRU� PDWUL[� EDFNJURXQG�ELQGLQJ� �0DUFRQ� HW� DO��� ����������

0HOODFKHUXYX�HW�DO���������HVVHQWLDOO\�GLVSHQVDEOH������

$V� D� SURRI� RI� SULQFLSOH�� ZH� SXULILHG� ILYH� QXFOHRSRULQ� FRPSOH[HV� IURP� D�Xenopus� HJJ�����

H[WUDFW� WR� QHDU� KRPRJHQHLW\� �)LJXUH��D�DQG�E��� )RU� HDFK� FRPSOH[� ZH� DFKLHYHG� D� §�����

�������IROG� HQULFKPHQW� ZLWKLQ� D� VLQJOH� QDWLYH� SXULILFDWLRQ� VWHS� DQG� \LHOGV� RI� DURXQG�����

������7KH�DQWL�1XS���QDQRERG\�UHWULHYHG�WKH�§�����N'D�QLQH�PHPEHUHG�<�FRPSOH[�DV�����

ZHOO� DV� 7SU� DQG� (O\V� DV� VSHFLILF� EXW� VXE�VWRLFKLRPHWULF� ELQGLQJ� SDUWQHUV��:H� REWDLQHG�����

VXEVWDQWLDO�DPRXQWV�RI�WKH�FRPSOH[��QDPHO\���������J�IURP�DV�OLWWOH�DV���PO�HJJ�H[WUDFW������

ZKLFK�LQLWLDOO\�FRQWDLQHG�§������J�RU�§�����Q0�RI�WKH�FRPSOH[��:�KU�HW�DO����������3RVW�����

HOXWLRQ� ZLWK� 6'6� VDPSOH� EXIIHU� LQGLFDWHG� D� TXDQWLWDWLYH� SURWHRO\WLF� UHOHDVH� RI� WKH�����

FRPSOH[�IURP�WKH�EHDGV��)LJXUH���±�ILJXUH�VXSSOHPHQW��E�������

7KH� DQWL�1XS���� QDQRERG\� UHWULHYHG� 1XS���� DV� D� VLQJOH� VSHFLHV�� 7KLV� PLJKW� DSSHDU�����

VXUSULVLQJ�DV�1XS����LV�WKRXJKW�WR�FRQWDFW�1XS���DQG�1XS������ZLWKLQ�WKH�LQQHU�ULQJ�RI�����

WKH�13&�VFDIIROG��+DZU\OXN�*DUD�HW�DO���������+DZU\OXN�*DUD�HW�DO���������6DFKGHY�HW�����

DO��� �������:H� WKHUHIRUH�DVVXPH� WKDW�PLWRWLF�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQV� WUDQVLHQWO\�����

VXSSUHVV� LQWHUDFWLRQV�EHWZHHQ� WKHVH�SURWHLQV��:H�DOVR�SXULILHG� WKH�1XS��y*OH��DQG� WKH�����
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1XS��y1XS��y1XS��� FRPSOH[� XVLQJ� DQWL�1XS��� DQG� DQWL�1XS��� QDQRERGLHV������

UHVSHFWLYHO\�� +HUH�� ZH� LQFOXGHG� D� 5DQ4��/y*73� ZDVK� WR� UHOHDVH� QXFOHDU� WUDQVSRUW�����

UHFHSWRUV�� ZKLFK� RWKHUZLVH� ZRXOG� UHPDLQ� ERXQG� WR� WKH� )*�GRPDLQV� RI� 1XS��� RU� WKH�����

1XS���FRPSOH[��)LJXUH���±�ILJXUH�VXSSOHPHQW��F�������

7KH� DQWL�1XS��� QDQRERG\� SXULILHG� WKH� H[SHFWHG� PL[WXUH� RI� WKH� WZR� SDUDORJRXV�����

1XS��y1XS����DQG�1XS��y1XS����FRPSOH[HV��7KHHUWKDJLUL�HW�DO����������ZKLFK�DUH�DOVR�����

SDUW� RI� WKH� VWUXFWXUDOO\� OHDVW� XQGHUVWRRG�13&� LQQHU� ULQJ�� ,Q� WKLV� FDVH��ZH� DQDO\]HG� WKH�����

QDWLYHO\�HOXWHG�PDWHULDO�VWUDLJKWDZD\�E\�QHJDWLYH�VWDLQ�HOHFWURQ�PLFURVFRS\��)LJXUH��D�������

&ODVV� DYHUDJLQJ� UHYHDOHG� FKDUDFWHULVWLFDOO\� FXUYHG� Į�VROHQRLG� IROG�OLNH� SDUWLFOHV��ZKLFK�����

DUH�NQRZQ�WR�H[KLELW�FRQIRUPDWLRQDO�IOH[LELOLW\��)LJXUH��E���7KH�REWDLQHG�VWUXFWXUHV�ZHUH�����

YHU\�UHPLQLVFHQW�RI� WKH�KRRN�DQG�H\H�VKDSHG�VWUXFWXUHV� UHSRUWHG�HDUOLHU� IRU� WKH�1XS��������

DQG�1XS����RUWKRORJXHV�IURP�S. cerevisiae �$PODFKHU�HW�DO���������DQG�M. thermophila ����

�$QGHUVHQ� HW� DO��� ������� 7KLV� VXJJHVWV� QRW� RQO\� WKDW� WKH� RYHUDOO� VKDSH� RI� WKH� 1XS�������

FRPSOH[HV� LV� FRQVHUYHG� IURP� IXQJL� WR� YHUWHEUDWHV�� EXW� DOVR� WKDW� RXU� VLQJOH� VWHS�����

SXULILFDWLRQ�VWUDWHJ\�IRU�ODUJH�SURWHLQ�FRPSOH[HV�\LHOGV�PDWHULDO�RI�VXIILFLHQW�TXDOLW\�IRU�D�����

GLUHFW�VWUXFWXUDO�DQDO\VLV������

�����

6LWH�VSHFLILF�IOXRUHVFHQW�ODEHOLQJ�RI�QDQRERGLHV�����

,Q�RUGHU�WR�XVH�DQWL�1XS�QDQRERGLHV�WR�LPDJH�WKHLU�WDUJHWV�ZLWKLQ�LQWDFW�13&V��ZH�LQLWLDOO\�����

PRGLILHG�WKHP�ZLWK�1+6�HVWHU�IOXRURSKRUHV��:H�IRXQG��KRZHYHU��WKDW�VXFK�1+6�ODEHOHG�����

QDQRERGLHV�SHUIRUPHG� UHPDUNDEO\�SRRUO\�� LQ�SDUWLFXODU�ZKHQ� IDU�UHG� IOXRURSKRUHV�ZHUH�����

XVHG�� $V� GRFXPHQWHG� E\� WKH� VSHFLILF� H[DPSOHV� EHORZ�� QRQH� RI� WKH� 1+6�ODEHOHG�����

QDQRERGLHV� KDG� VXIILFLHQW� SUREH� TXDOLW\� WR� DOORZ� DFTXLVLWLRQ� RI� 67250� LPDJHV�� :H�����

WKHUHIRUH�H[SORUHG�DOWHUQDWLYH�DQG�PRUH�UHOLDEOH�QDQRERG\�ODEHOLQJ�VWUDWHJLHV������
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2QH� SRVVLELOLW\� ZDV� WR� ODEHO� QDQRERGLHV� DW� HQJLQHHUHG� �DQG� UHGXFHG�� F\VWHLQHV� ZLWK�����

PDOHLPLGHV��7KLV��KRZHYHU��SRVHG�WKH�ULVN�RI�PRGLI\LQJ�DOVR�WKH�VFDIIROG�F\VWHLQHV�RI�WKH�����

,J*�IROG��ZKLFK�LQHYLWDEO\�ZRXOG�FDXVH�DQ�LUUHYHUVLEOH�XQIROGLQJ�RI�WKH�QDQRERGLHV������

7R� DGGUHVV� WKLV� LVVXH�� ZH� LQFXEDWHG� UHGXFHG� QDQRERGLHV� ZLWK� ELRWLQ�3(*���PDOHLPLGH�����

�)LJXUH����� $IWHU� XQIROGLQJ� E\� XUHD�� WKH� VFDIIROG� F\VWHLQHV� EHFDPH� PRGLILHG� DW� HLWKHU�����

���&�� ���&�� RU� ��&�� ,Q� QDWLYH� EXIIHU�� KRZHYHU�� PRGLILFDWLRQ� ZDV� TXDQWLWDWLYH� RQO\� DW�����

���&�� SRLQWLQJ� WR� D� WUDQVLHQW� H[SRVXUH� RI� WKH� RWKHUZLVH� EXULHG� VFDIIROG� F\VWHLQHV�����

��WKHUPDO�EUHDWKLQJ����,PSRUWDQWO\��WKH\�UHPDLQHG�IXOO\�SURWHFWHG�DW���&��SUHGLFWLQJ�WKDW�����

PDOHLPLGH�ODEHOLQJ�RQ�LFH�ZRXOG�EH�IXOO\�VHOHFWLYH�IRU�HQJLQHHUHG�VXUIDFH�F\VWHLQHV������

,Q�RUGHU� WR�EHWWHU�JXLGH� F\VWHLQH�SODFHPHQW� LQ� WKH�QDQRERG\� IUDPHZRUN��ZH� VROYHG� WKH�����

FU\VWDO�VWUXFWXUH�RI�WKH�DQWL�1XS���QDQRERG\�73����LQ�FRPSOH[�ZLWK�WKH�JOREXODU�1XS�������

13&�DQFKRU�GRPDLQ��UHVLGXHV����������DW�����c�UHVROXWLRQ��)LJXUH��D��7DEOH�����73��������

FRQWDFWV�LWV�WDUJHW�WKURXJK�DOO�WKUHH�&'5�ORRSV�DQG�GRHV�QRW�EORFN�WKH�DEVROXWH�1XS���&�����

WHUPLQXV��ZKLFK�DQFKRUV�1XS���YLD�1XS���RU�1XS���WR�WKH�13&�VFDIIROG��+RGHO�HW�DO�������

������ *ULIILV� HW� DO��� ������ 6WXZH� HW� DO��� ������� 7KH� LQWHUQDO� GLVXOILGH� ERQG�IRUPLQJ�����

F\VWHLQHV�&\V���DQG�&\V���RI�73����DUH�UHGXFHG�LQ�WKH�FU\VWDO�VWUXFWXUH������

:H� QH[W� PXWDWHG� VROYHQW�H[SRVHG� VPDOO� UHVLGXHV� �*O\�� 6HU� DQG� $OD�� DW� VL[� DOWHUQDWLYH�����

SRVLWLRQV� RI� WKH� QDQRERG\� VFDIIROG� WR� F\VWHLQHV� �)LJXUH��E�� )LJXUH��� ±� ILJXUH�����

VXSSOHPHQW��D���:H�IRXQG�WKDW�QRW�RQO\�DOO�LQGLYLGXDO�PXWDQWV��EXW�DOVR�QDQRERGLHV�ZLWK�����

XS� WR� WKUHH� HFWRSLF� VXUIDFH� F\VWHLQHV�ZHUH�ZHOO� H[SUHVVHG� DQG� KLJKO\� VROXEOH� LQ�E. coli ����

�)LJXUH��� ±� ILJXUH� VXSSOHPHQW� �E��� 0RUHRYHU�� F\VWHLQHV� RQ� DOO� VL[� SRVLWLRQV� RQ� RXU�����

PRGHO� DQWL�1XS��� QDQRERG\� 73���� FRXOG� EH� TXDQWLWDWLYHO\� ODEHOHG� ZLWK� PDOHLPLGH�����

IOXRUHVFHQW�G\HV��)LJXUH��F���(YHQ�QDQRERGLHV�FDUU\LQJ�WKUHH�IOXRURSKRUHV�ZHUH�UHDGLO\�����
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REWDLQHG�� ,PSRUWDQWO\�� FRPSHWLWLYH� ELQGLQJ� DVVD\V� LQGLFDWHG� WKDW� WKH� LQWURGXFWLRQ� RI�����

HFWRSLF� F\VWHLQHV� DQG� WKHLU� PRGLILFDWLRQ� GLG� QRW� LPSDLU� ELQGLQJ� WR� WKH� 1XS��� WDUJHW�����

�)LJXUH��� ±� ILJXUH� VXSSOHPHQW� �F��� %DVHG� RQ� WKH� FU\VWDO� VWUXFWXUH� ZH� HVWLPDWH� WKDW�����

IOXRURSKRUHV� DWWDFKHG� YLD� DQ� 1�WHUPLQDO� F\VWHLQH� RU� $��&� WR� DQWL�1XS��� QDQRERG\�����

73����FDQ�EH�DV�FORVH�DV�a��QP�WR�WKH�WDUJHW�1XS��������

�����

,PPXQRIOXRUHVFHQFH�ZLWK�VLWH�VSHFLILFDOO\�ODEHOHG�QDQRERGLHV�����

,Q� RUGHU� WR� WHVW� QDQRERGLHV� LQ� LPDJLQJ�� ZH� JUHZ� Xenopus laevis� ;/���� FHOOV� RQ�����

FRYHUVOLSV�� GLJLWRQLQ�SHUPHDELOL]HG� WKHLU� SODVPD� PHPEUDQHV�� LQFXEDWHG� WKHP� ZLWK� ORZ�����

QDQRPRODU� FRQFHQWUDWLRQV� ������Q0��RI� ODEHOHG�QDQRERG\�� DQG� IL[HG� WKHP�DIWHU� VHYHUDO�����

ZDVKLQJ�VWHSV��,Q�WKLV�ZRUNIORZ��HYHQ�QDQRERGLHV�ZLWK�IL[DWLRQ�VHQVLWLYH�HSLWRSHV�FRXOG�����

ELQG�WKHLU�WDUJHW������

:H�ILUVW�WHVWHG�DQWL�1XS���QDQRERG\�73����FDUU\LQJ�D�VLQJOH�$OH[D�)OXRU�����PDOHLPLGH�����

DW� WKH� VL[� DOWHUQDWLYH� SRVLWLRQV� �)LJXUH��G��� ,Q� FRQIRFDO� ODVHU� VFDQQLQJ�PLFURVFRS\�� DOO�����

YDULDQWV� SURGXFHG� D� YHU\� EULJKW� SXQFWXDWH� QXFOHDU� ULP� VWDLQLQJ� RI� ;/���� FHOOV������

FKDUDFWHULVWLF�IRU�13&V��DJDLQVW�D�YHU\�ORZ�EDFNJURXQG������

&RPELQLQJ�PLQLPDO� ODEHO� GLVSODFHPHQW�ZLWK� HDVH� RI� FORQLQJ��ZH� URXWLQHO\� ODEHOHG� RXU�����

QDQRERGLHV�YLD�DQ�1�WHUPLQDO�F\VWHLQH��7KLV�ZD\��DOO�FKRVHQ�13&�WDUJHWV��1XS����1XS��������

1XS���DQG�1XS����� FRXOG�EH�YLVXDOL]HG�ZLWK� VSHFLILF�QDQRERGLHV�FDUU\LQJ� D� VLQJOH�1�����

WHUPLQDO�$OH[D�)OXRU�����PDOHLPLGH��)LJXUH��D���'HVSLWH� WKH�SUHVHQFH�RI�RQO\�RQH�G\H�����

PROHFXOH�SHU�QDQRERG\��ZH�DJDLQ�REWDLQHG�YHU\�EULJKW�QXFOHDU�ULP�VWDLQV�ZLWK�YHU\�ORZ�����

EDFNJURXQG�� 6WDLQLQJ� RI� 1XS���� UHTXLUHG� D� SULRU� SHUPHDELOL]DWLRQ� ZLWK� 7ULWRQ� ;����������
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SUREDEO\� EHFDXVH� LW� LV� ORFDWHG� LQ� FORVH� SUR[LPLW\� WR� WKH� SRUH� PHPEUDQH� DQG� LV� OLNHO\�����

EXULHG�E\�RWKHU�13&�VFDIIROG�FRPSRQHQWV��(LVHQKDUGW�HW�DO���������0LWFKHOO�HW�DO��������������

)RU� D� GLUHFW� FRPSDULVRQ� RI� WKH� 1+6� FKHPLVWU\� IRU� QDQRERG\�ODEHOLQJ� DW� O\VLQHV� ZLWK�����

PDOHLPLGH�ODEHOLQJ� DW� HQJLQHHUHG� VXUIDFH� F\VWHLQHV�� ZH� FKRVH� $OH[D� )OXRU� ���� DV� D�����

IOXRURSKRUH�DQG�WKH�ZLGHO\�XVHG�DQWL�*)3�QDQRERG\�(QKDQFHU��.LUFKKRIHU�HW�DO�������������

DV� DQ� H[DPSOH� �)LJXUH� �E��� :KHQ� D� +H/D� 1XS����*)3� FHOO� OLQH� ZDV� VWDLQHG�� ZH�����

REVHUYHG�D�EULOOLDQW�13&�VLJQDO� IRU� WKH�$OH[D�)OXRU�����PDOHLPLGH�ODEHOHG��(QKDQFHU�������

ZKLFK� SHUIHFWO\� FRLQFLGHG� ZLWK� WKH� �ZHDNHU�� *)3� VLJQDO�� DQG� DQ� H[WUHPHO\� ORZ�����

EDFNJURXQG� �)LJXUH��F��� ,Q� FRQWUDVW�� ZKHQ� WKLV� QDQRERG\� ZDV� ODEHOHG� DW� O\VLQHV� ZLWK�����

$OH[D�)OXRU����� 1+6� HVWHU�� LW� SURGXFHG� VWURQJ� QXFOHRSODVPLF� DQG� F\WRSODVPLF�����

EDFNJURXQG� VWDLQLQJ�� ZKLFK� HVVHQWLDOO\� REVFXUHG� WKH� VSHFLILF� VLJQDO�� 7KH� GHJUHH� RI�����

ODEHOLQJ�ZDV�WKH�VDPH�IRU�ERWK�YDULDQWV������

:KHQ�WKH�$OH[D�)OXRU�����1+6�ODEHOHG��(QKDQFHU��ZDV�DSSOLHG�WR�;/����FHOOV��ZKLFK�����

ODFN�D�*)3�WDUJHW���ZH�DJDLQ�REVHUYHG�YHU\�VWURQJ�EDFNJURXQG��)LJXUH��G���,Q�FRQWUDVW������

LWV� $OH[D�)OXRU����� PDOHLPLGH�ODEHOHG� FRXQWHUSDUW� EHKDYHG� OLNH� D� SHUIHFW� QHJDWLYH�����

FRQWURO�� +LJK� EDFNJURXQG�VWDLQLQJ� ZDV� DOVR� REVHUYHG� ZLWK� WKH� $OH[D�)OXRU����� 1+6�����

ODEHOHG�DQWL�1XS���QDQRERG\�73�����7KH�DQWL�1XS���QDQRERG\�73����FRQWDLQV�D�O\VLQH�����

LQ� &'5� ,,� DQG� HYHQ� ORVW� DQWLJHQ�ELQGLQJ� DIWHU� 1+6� PRGLILFDWLRQ�� ,Q� FRQWUDVW�� WKH�����

$OH[D�)OXRU�����PDOHLPLGH�ODEHOHG� DQWL�1XS��� DQG� DQWL�1XS��� QDQRERGLHV� EHKDYHG� DV�����

SHUIHFW�LPDJLQJ�UHDJHQWV�DQG�JDYH�FULVS�13&�VLJQDOV�DJDLQVW�YHU\�ORZ�EDFNJURXQGV��7KLV�����

FRPSDULVRQ� LQGLFDWHG� WKDW� PRGLILFDWLRQ� RI� �PXOWLSOH�� IUDPHZRUN� O\VLQHV� OLNHO\� FUHDWHV�����

K\GURSKRELF� SDWFKHV� WKDW� IDYRU� XQVSHFLILF� ELQGLQJ� DQG� DJJUHJDWLRQ�� 7KLV� LV� FHUWDLQO\�����

VHTXHQFH�FRQWH[W�GHSHQGHQW�DQG�PLOGHU�ZKHQ�UHGXFLQJ�WKH�ODEHOLQJ�GHQVLW\��+RZHYHU��ZH�����
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GLG� QRW� REVHUYH� DQ\� VXFK� FRPSOLFDWLRQV� ZKHQ� ODEHOLQJ� QDQRERGLHV� YLD� HQJLQHHUHG�����

F\VWHLQHV������

�����

6XSHU�UHVROXWLRQ�LPDJLQJ�ZLWK�VLWH�VSHFLILFDOO\�ODEHOHG�QDQRERGLHV������

'XH� WR� D� GLDPHWHU�ZHOO� EHORZ� WKH� GLIIUDFWLRQ� OLPLW��13&V� KDYH� EHHQ� VWXGLHG� E\� VXSHU�����

UHVROXWLRQ� PLFURVFRS\� XVLQJ� HLWKHU� LQGLUHFW� LPPXQRIOXRUHVFHQFH� �/|VFKEHUJHU� HW� DO�������

������*|WWIHUW� HW� DO��� ������ RU� WKH� DQWL�*)3�QDQRERG\� �6]\PERUVND� HW� DO��� �������6LWH�����

VSHFLILF�IOXRUHVFHQW�ODEHOLQJ�RI�QDQRERGLHV�YLD�F\VWHLQHV�QRZ�UHOLDEO\�\LHOGV��UHQHZDEOH������

KLJK�TXDOLW\�LPDJLQJ�UHDJHQWV�WKDW�FDQ�EULQJ�IOXRURSKRUHV�YHU\�FORVH�WR�WKHLU� WDUJHW��:H�����

WKHUHIRUH�WHVWHG�WKH�SHUIRUPDQFH�RI�RXU�DQWL�1XS�QDQRERGLHV�LQ�67250�LPDJLQJ��5XVW�HW�����

DO���������RI�;/����FHOO�13&V��)LJXUH��D�F�������

,QWHUHVWLQJO\�� VLQJO\� $OH[D� )OXRU� ���� PDOHLPLGH�ODEHOHG� DQWL�1XS� QDQRERGLHV� ZHUH�����

VXIILFLHQW�WR�SURGXFH�HQRXJK�ORFDOL]DWLRQV�WR�UHFRQVWUXFW�YHU\�GHWDLOHG�YLHZV�RI�LQGLYLGXDO�����

13&V��ZKHUH�PXOWLSOH�FRSLHV�RI�WKH�LPDJHG�WDUJHW�SURWHLQV��1XS����1XS���DQG�1XS���������

DSSHDU�DUUDQJHG�DURXQG� WKH�FHQWUDO�13&�FKDQQHO� �)LJXUH� �F���$�ZKROH�QXFOHXV�VWDLQHG�����

ZLWK�WKH�PRGHO�DQWL�1XS���QDQRERG\�73����LV�VKRZQ�LQ�)LJXUH��D�DQG�PDJQLILHG�YLHZV�����

RI�WKH�QXFOHDU�HQYHORSH�VWDLQHG�ZLWK�DQWL�1XS���DQG�DQWL�1XS����QDQRERG\�DUH�VKRZQ�LQ�����

)LJXUH� �E�� (YHQ� DIWHU� DSSO\LQJ� KLJKHU� FRQFHQWUDWLRQV� �a��������Q0�� RI� QDQRERG\� WR�����

VDWXUDWH� ELQGLQJ� VLWHV�� ZH� DFKLHYHG� YHU\� ORZ� EDFNJURXQG� ELQGLQJ�� LQGLFDWLQJ� ZHOO�����

EHKDYHG�LPDJLQJ�UHDJHQWV�������

�����



�

� ��

5DSLG�PDSSLQJ�RI�FRQIRUPDWLRQDO�HSLWRSHV�YLD�FURVVOLQNLQJ�PDVV�VSHFWURPHWU\�����

6LWH�VSHFLILFDOO\� ODEHOHG� QDQRERGLHV� HQDEOHG� XV� WR� YLVXDOL]H� WKHLU� WDUJHWHG� HSLWRSH�ZLWK�����

KLJK� SUHFLVLRQ�� 0DSSLQJ� WKH� FRUUHVSRQGLQJ� �YLVLEOH�� HSLWRSHV� ZRXOG� WKHUHIRUH� UHYHDO�����

VXUIDFH� DUHDV� RI� WKH� WDUJHW� WKDW� DUH� DFFHVVLEOH� LQ� D� FHOOXODU� HQYLURQPHQW�� 7KH�����

FRPSOHPHQWDU\� �LQYLVLEOH�� HSLWRSHV� RQ� WKH� RWKHU� KDQG�� ZRXOG� KLQW� WR� UHJLRQV� WKDW� DUH�����

EXULHG�LQ�LQWHUDFWLRQ�LQWHUIDFHV������

(SLWRSH�PDSSLQJ�VWUDWHJLHV�EDVHG�RQ�ELQGLQJ�DVVD\V�WR�WUXQFDWHG�RU�PXWDWHG�DQWLJHQV��FR�����

FU\VWDOOL]DWLRQ� RU� 105� REVHUYDWLRQ� RI� FKHPLFDO� VKLIW� SHUWXUEDWLRQV� DUH�� KRZHYHU�� QRW�����

VXLWHG� IRU� KLJK�WKURXJKSXW� DQDO\VLV� RU� KDUGO\� DSSOLFDEOH� WR� FRQIRUPDWLRQDO� HSLWRSHV� RQ�����

SURWHLQ� FRPSOH[HV�� :H� WKHUHIRUH� FRQVLGHUHG� FURVVOLQNLQJ� QDQRERGLHV� WR� WKHLU� WDUJHW�����

IROORZHG�E\�VHTXHQFLQJ�RI�WKH�FURVVOLQNHG�WDUJHW�SHSWLGH�YLD�PDVV�VSHFWURPHWU\�DV�D�UDSLG�����

HSLWRSH�PDSSLQJ�VWUDWHJ\��+HUH��D�FUXFLDO�DVSHFW�LV�WKDW�D�VKRUWHU�FURVVOLQNHU�ZLOO�SURYLGH�����

D�EHWWHU�VSDWLDO�UHVROXWLRQ��SURYLGHG�FURVVOLQNDEOH�JURXSV�DUH�LQ�UHDFK��$V�F\VWHLQHV�DUH�E\�����

IDU� WKH� EHVW� FURVVOLQNDEOH� JURXSV�� DQG� EHFDXVH� ZH� KDG� DOUHDG\� SODFHG� F\VWHLQHV� DW� WKH�����

QDQRERG\� VXUIDFH� LQ� FORVH� SUR[LPLW\� WR� ERXQG� WDUJHWV��ZH� DVVHVVHG� WKHLU� VXLWDELOLW\� IRU�����

HSLWRSH�PDSSLQJ������

$V�D�SURRI�RI�SULQFLSOH��ZH�FURVVOLQNHG�WZR�DQWL�1XS���QDQRERGLHV��ZLWK�RU�ZLWKRXW�DQ�����

1�WHUPLQDO�F\VWHLQH��WR�1XS���XVLQJ�HLWKHU�DQ�1+��WR�1+���%LV�1+6��%6�������c��RU�DQ�����

6+�WR�1+�� �0DO�1+6�� %036�� ���c�� FURVVOLQNHU� �)LJXUH� �D��� )RU� ERWK� DQWL�1XS�������

QDQRERGLHV� �73���� DQG�73������ H[FOXVLYH� DPLQH�FURVVOLQNLQJ�ZDV� YHU\� LQHIILFLHQW� DQG�����

SURGXFHG�RQO\�IHZ�QDQRERG\y1XS���DGGXFWV�WKDW�UXQ�DW�KLJKHU�PROHFXODU�ZHLJKW�LQ�6'6�����

3$*(�� +RZHYHU�� FRPELQLQJ� WKH� 1�WHUPLQDO� F\VWHLQH� RQ� WKH� QDQRERG\� ZLWK� WKH� �IDU�����

VKRUWHU�� KHWHURELIXQFWLRQDO� FURVVOLQNHU�� SURGXFHG� YHU\� SURPLQHQW� QDQRERG\y1XS�������
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FURVVOLQNV�� 7KHLU� SRVLWLRQ� ZDV� WKHQ� FOHDUO\� LGHQWLILDEOH� E\� /&�06�06� �)LJXUH� �E�F������

)LJXUH���±�ILJXUH�VXSSOHPHQW���������

)RU� D� EHWWHU� YLVXDOL]DWLRQ� RI� WKH� SRVLWLRQV� RI� WKH� LGHQWLILHG� QDQRERG\� FURVVOLQNV� ZH�����

JHQHUDWHG� D� VWUXFWXUDO�PRGHO� RI�1XS������HQG� XVLQJ� ,�7$66(5� �=KDQJ�� ������� EDVHG�RQ�����

VWUXFWXUHV�RI�LWV�\HDVW�RUWKRORJ��-HXG\�DQG�6FKZDUW]��������6FKUDGHU�HW�DO����������)LJXUH�����

�F��������

:H�XVHG�WKH�DQWL�1XS���QDQRERG\�73����LQ�67250�LPDJLQJ�RI�1XS���ZLWKLQ�WKH�13&�����

DQG� FRXOG� QRZ�PDS� LWV� DFFHVVLEOH� HSLWRSH��73���� ELQGV� WR� WKH�PLGGOH� UHJLRQ� RI� WKH� -�����

VKDSHG� VWUXFWXUH� RI� 1XS��� VXUURXQGLQJ� UHVLGXHV� .���� DQG� .���� �)LJXUH� �� ±� ILJXUH�����

VXSSOHPHQW� �D�E��� ZKLOH� 73���� KDV� D� &�WHUPLQDO� HSLWRSH� VXUURXQGLQJ� O\VLQHV� .���������

.����DQG�.����RI�1XS����)LJXUH���±�ILJXUH�VXSSOHPHQW��F�H���7KH�&�WHUPLQDO�UHJLRQ�����

RI�1XS���ZDV�SUHYLRXVO\�VKRZQ�WR�EH�HVVHQWLDO�IRU�13&�DVVHPEO\��6DFKGHY�HW�DO��������������

$FFRUGLQJO\��DQWL�1XS���QDQRERG\�73����WKDW�WDUJHWV�WKH�&�WHUPLQXV�RI�1XS���GRHV�QRW�����

VWDLQ�LQWDFW�13&V��GDWD�QRW�VKRZQ���EXW�UDWKHU�UHSUHVHQWV�D�JRRG�FDQGLGDWH�WR�VHOHFWLYHO\�����

GLVUXSW�13&�DVVHPEO\������

�����

'LVFXVVLRQ�����

:H� GHYHORSHG� D� ZHOO�FKDUDFWHUL]HG� WRROVHW� RI� KLJK�DIILQLW\� QDQRERGLHV� DJDLQVW� WKH�����

YHUWHEUDWH�13&�DQG�HVWDEOLVKHG�QRYHO�VWUDWHJLHV�WR�XVH�WKHVH�QDQRERGLHV�WR�QDWLYHO\�SXULI\�����

ODUJH�13&�VXEFRPSOH[HV�DQG�WR�UHOLDEO\�ODEHO�WKHP�ZLWK�IOXRURSKRUHV�IRU�SUHFLVH�VXSHU�����

UHVROXWLRQ� ORFDOL]DWLRQ�� :KLOH� WKHVH� QDQRERGLHV� ZLOO� EH� YHU\� YDOXDEOH� WR� WKH�����

QXFOHRF\WRSODVPLF� WUDQVSRUW� ILHOG�� ZH� H[SHFW� WKH� SUHVHQWHG� VWUDWHJLHV� WR� EH� ZLGHO\�����

DSSOLFDEOH�WR�DOO�QDQRERGLHV������
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1DQRERGLHV� DJDLQVW� D� VLQJOH� HSLWRSH� RI� D� ODUJHU� SURWHLQ� FRPSOH[� QRZ� DOORZ� D� QDWLYH�����

VLQJOH�VWHS� SXULILFDWLRQ� RI� WKH� HQWLUH� FRPSOH[�� DQG� WKXV� D� VXEVHTXHQW� VWUXFWXUDO� DQG�����

IXQFWLRQDO�DQDO\VLV��7KLV�LV�FHUWDLQO\�HVSHFLDOO\�XVHIXO�IRU�FRPSOH[HV�WKDW�DUH�QRW�GLUHFWO\�����

DFFHVVLEOH� WR� UHFRPELQDQW� SURGXFWLRQ�� )XUWKHUPRUH�� QDQRERG\�SXULILHG� HQGRJHQRXV�����

FRPSOH[HV�FDQ�EH�XVHG�DV�DQWLJHQV�IRU�DQRWKHU�URXQG�RI�LPPXQL]DWLRQ��DQG�ELQGHUV�WR�DOO�����

FRPSOH[� FRPSRQHQWV� FDQ� WKHQ� EH� VHOHFWHG� IURP� WKH� VXFFHVVLYH� QDQRERG\� OLEUDU\������

0DSSLQJ�HSLWRSHV�YLD�FURVVOLQNLQJ�PDVV�VSHFWURPHWU\�ZLOO�EHFRPH�HVSHFLDOO\� LPSRUWDQW�����

ZKHQ� VHOHFWLQJ� QDQRERGLHV� DJDLQVW� VXFK� FRPSOH[� DQWLJHQV� �OLNH� ODUJH� VXEFRPSOH[HV������

ZKROH� RUJDQHOOHV� RU� YHVLFOHV�� WKDW� FDQQRW� EH� PDGH� UHFRPELQDQWO\�� &RPELQLQJ� WKHVH�����

VWUDWHJLHV�WKHUHIRUH�KDV�WKH�SRWHQWLDO�WR�VLJQLILFDQWO\�LQFUHDVH�WKURXJKSXW�LQ�WKH�VHOHFWLRQ�����

DQG�LGHQWLILFDWLRQ�RI�UHQHZDEOH�ELQGHUV�WR�HXNDU\RWLF�SURWHRPHV��&ROZLOO�HW�DO��������������

)LQDOO\��ZH� LQWURGXFHG�D�PHWKRG�IRU�D� UHOLDEOH� IOXRUHVFHQW� ODEHOLQJ�RI�QDQRERGLHV�XVLQJ�����

VXUIDFH�F\VWHLQHV�DQG�PDOHLPLGH�FKHPLVWU\��7KLV�ZD\��ZH�REWDLQHG�ZHOO�EHKDYHG�LPDJLQJ�����

UHDJHQWV� WKDW� FDQ� EULQJ� IOXRUHVFHQW� G\HV� DV� FORVH� DV� ���� QP� WR� WKHLU� WDUJHW��0DOHLPLGH�����

ODEHOHG� QDQRERGLHV� FRQVLVWHQWO\� UHFRJQL]HG� WKHLU� DQWLJHQV� IDU� EHWWHU� DQG� SURGXFHG� OHVV�����

EDFNJURXQG� WKDQ� WKH� FRUUHVSRQGLQJ� 1+6�PRGLILHG� YDULDQWV�� 1+6� HVWHUV� KDYH� WKH�����

DGGLWLRQDO� GLVDGYDQWDJH� WKDW� WKH\� UHDFW� QRW� RQO\� ZLWK� DPLQR� JURXSV�� EXW� DOVR� UDSLGO\�����

K\GURO\]H� LQ� DTXHRXV� EXIIHUV�� 7KLV� PDNHV� LW� GLIILFXOW� WR� DGMXVW� ODEHOLQJ� GHQVLWLHV� DQG�����

UHTXLUHV� DGGLQJ� WKHP� LQ� VXEVWDQWLDO� PRODU� H[FHVV�� ,Q� FRQWUDVW�� PDOHLPLGH�ODEHOLQJ� RI�����

H[SRVHG� F\VWHLQHV� LV� TXDQWLWDWLYH� HYHQ� ZLWK� MXVW� VWRLFKLRPHWULF� DPRXQWV� RI� ODEHOLQJ�����

UHDJHQW�DQG�WKXV�IDU�PRUH�HFRQRPLFDO������

6LWH�VSHFLILF�DQG�TXDQWLWDWLYH�IOXRUHVFHQW�ODEHOLQJ�RI�QDQRERGLHV�LV�JRLQJ�WR�EH�FUXFLDO�IRU�����

VXSHU�UHVROXWLRQ�PLFURVFRS\�DLPLQJ�DW�D�GHWDLOHG�VWUXFWXUDO�DQDO\VLV�RU�GHWHUPLQDWLRQ�RI�����
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DEVROXWH�SURWHLQ�FRS\�QXPEHUV��,W�DOVR�DOORZV�SUHGLFWLQJ�WKH�HIIHFWLYH�ODEHO�GLVSODFHPHQW������

D� IDFW� WKDW�ZLOO� EH� HVSHFLDOO\� LPSRUWDQW�ZKHQ� DSSO\LQJ� SDUWLFOH� DYHUDJLQJ� WHFKQLTXHV� WR�����

ORFDOL]DWLRQ� PLFURVFRS\� GDWD� �SUHFLVLRQ� RI� ��� QP� UHSRUWHG� H�J�� E\� 6]\PERUVND� HW� DO�������

������� %HFDXVH� RI� LWV� ZHOO�GHILQHG� GLPHQVLRQ� DQG� V\PPHWULF� VWUXFWXUH�� WKH� 13&� KDV�����

EHFRPH� D� EHQFKPDUN� IRU� PDQ\� QHZ� DGYDQFHPHQWV� RI� VXSHU�UHVROXWLRQ� PLFURVFRS\�����

�6FKHUPHOOHK�HW�DO���������6]\PERUVND�HW�DO���������*|WWIHUW�HW�DO����������7KH�DQWL�13&�����

QDQRERGLHV�GHVFULEHG�KHUH�H[FHOOHG� LQ�VXSHU�UHVROXWLRQ� LPDJLQJ�� WKH\�FDQ�EH� UHQHZDEO\�����

SURGXFHG� LQ� KLJK� \LHOGV� DQG� DUH� WKHUHIRUH� LGHDO� ODEHOLQJ� UHDJHQWV� IRU� VXFK� EHQFKPDUN�����

VWXGLHV������

�����
0HWKRGV�����
$OSDFD�LPPXQL]DWLRQ�����

7ZR� IHPDOH� DOSDFDV�� KHOG� DW� WKH�0D[�3ODQFN� ,QVWLWXWH� IRU�%LRSK\VLFDO�&KHPLVWU\��ZHUH�����

LPPXQL]HG� ZLWK� ��������PJ� SURWHLQ� RU� SURWHLQ� FRPSOH[� DW� ����ZHHN� LQWHUYDOV� IRU� ������

��WLPHV��7KH�DQWLJHQV�KDG�EHHQ�H[SUHVVHG�UHFRPELQDQWO\�LQ�E. coli��DIILQLW\�SXULILHG�DQG�����

PL[HG� ZLWK� D� PLOG� VTXDOHQ�Į�WRFRSKHURO�7ZHHQ����EDVHG� DGMXYDQW� �RLO�LQ�ZDWHU�����

HPXOVLRQ��EHIRUH�LPPXQL]DWLRQ��,Q�GHWDLO�ZH�LPPXQL]HG�RQH�DQLPDO�ZLWK�[O1XS������HQG������

[W1XS���������� DQG� WKH� [O1XS���������y1XS���������y1XS���������� FRPSOH[� �&KXJ� HW� DO�������

������DQG�DQRWKHU�DQLPDO�ZLWK�IXOO�OHQJWK�[O1XS����DQG�IXOO�OHQJWK�[O1XS��������

�����
1DQRERG\�OLEUDU\�JHQHUDWLRQ�DQG�SKDJH�GLVSOD\�VHOHFWLRQ�����

)RXU� GD\V� DIWHU� WKH� ILQDO� ERRVW�� ����PO� RI� EORRG� ZHUH� FROOHFWHG� IURP� WKH� LPPXQL]HG�����

DQLPDO�� 3HULSKHUDO� EORRG� O\PSKRF\WHV� ZHUH� LVRODWHG� E\� GHQVLW\� JUDGLHQW� FHQWULIXJDWLRQ�����

XVLQJ� /HXFRVHS� WXEHV� �*UHLQHU� %LR�2QH�� DQG� WRWDO� 51$� ZDV� SUHSDUHG� DFFRUGLQJ� WR�����

&KRPF]\QVNL�DQG�6DFFKL��&KRPF]\QVNL�DQG�6DFFKL���������)RU�OLEUDU\�JHQHUDWLRQ��F'1$�����
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ZDV�JHQHUDWHG�IURP�����J�RI�WRWDO�51$�XVLQJ�WKH�6XSHUVFULSW�,,,�NLW��/LIH�7HFKQRORJLHV������

ZLWK�DQ� ,J*�&+��GRPDLQ�VSHFLILF�SULPHU��S&$//�����&RQUDWK�HW�DO����������)RU�9++�����

GRPDLQ�DPSOLILFDWLRQ��D�QHVWHG�3&5�ZDV�SHUIRUPHG��7KH�ILUVW�3&5�SURGXFW�ZDV�REWDLQHG�����

XVLQJ�WKH�SULPHUV�$OS9K��$OS9++5��DQG�$OS9++5���0DDVV�HW�DO����������ZKLFK�DQQHDO�����

LQ�WKH�OHDGHU�VHTXHQFH�DQG�WKH�9++�VSHFLILF�KLQJH�UHJLRQV��7KH�ILUVW�3&5�SURGXFW�VHUYHG�����

DV�D�WHPSODWH�IRU�DPSOLILFDWLRQ�ZLWK�9++�IUDPHZRUN���DQG�IUDPHZRUN���VSHFLILF�SULPHUV�����

�37����� $$7$7$**$7&&&$$*7*&$*&7&*75*$*7&7**� DQG� ��� ����

**$&7$*7*&**&&*&7**$*$&**7*$&&7***7�� LQWURGXFLQJ� %DP+,� DQG�����

1RW,�UHVWULFWLRQ�VLWHV��XQGHUOLQHG���UHVSHFWLYHO\��$�SUHYLRXV�VWXG\��5RWKEDXHU�HW�DO�������������

XVHG�1FR,��ZKLFK� DFFRUGLQJ� WR� RXU� VHTXHQFLQJ� GDWD� YHU\� IUHTXHQWO\� FOHDYHV�ZLWKLQ� WKH�����

&'5�,�HQFRGLQJ� UHJLRQV�� UHVXOWLQJ� LQ� PDQ\� WUXQFDWHG� QRQ�IXQFWLRQDO� QDQRERG\�����

VHTXHQFHV��7KH�%DP+,�DQG�1RW,�GLJHVWHG�9++�LPPXQH� OLEUDU\�ZDV� WKHQ�FORQHG� LQWR�D�����

S+HQ��GHULYHG�SKDJHPLG��$UEDEL�*KDKURXGL�HW�DO���������DQG�XVHG�WR� WUDQVIRUP�E. coli�����

7*�� �/XFLJHQ���$� OLEUDU\�RI����[���� LQGLYLGXDO� WUDQVIRUPDQWV�ZDV� LQIHFWHG�ZLWK�KHOSHU�����

SKDJH� 0��.2�� �1HZ� (QJODQG� %LRODEV�� DQG� 9++�GLVSOD\LQJ� EDFWHULRSKDJHV� ZHUH�����

SURGXFHG�RYHUQLJKW�ZKLOH�VKDNLQJ�DW����&��%DFWHULRSKDJHV�ZHUH�SXULILHG�IURP�WKH�FXOWXUH�����

VXSHUQDWDQW� E\� WZR� VXFFHVVLYH� SUHFLSLWDWLRQ� VWHSV�ZLWK� ���� 3(*������� ����P0�1D&O������

7KH�SHOOHWV�ZHUH�JHQWO\�UHVXVSHQGHG�LQ����P0�7ULV�+&O�S+����������P0�1D&O�DQG�WKH�����

REWDLQHG�SKDJH�VWRFN�VROXWLRQ�XVHG�GLUHFWO\� IRU�VHOHFWLRQ��3DQQLQJ�ZDV�SHUIRUPHG�XVLQJ�����

UHFRPELQDQW� DQWLJHQV� FDUU\LQJ� DQ� $YL�WDJ� WKDW� ZDV� ELRWLQ\ODWHG� LQ� E. coli� E\� FR�����

H[SUHVVLRQ�RI�ELRWLQ�OLJDVH�%LU$��%HFNHWW�HW�DO���������6FKDW]���������)RU�WKH�ILUVW�URXQG�RI�����

SDQQLQJ��ELRWLQ\ODWHG�DQWLJHQ�ZDV�SUH�LPPRELOL]HG�RQ�'\QDEHDGV�6WUHSWDYLGLQ�7�� �/LIH�����

7HFKQRORJLHV���'XULQJ� ODWHU� URXQGV��SKDJHV�ZHUH� LQFXEDWHG�ZLWK�ELRWLQ\ODWHG�DQWLJHQ� LQ�����
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VROXWLRQ� DQG� WKHQ� UHWULHYHG� E\� DGGLQJ�PDJQHWLF� EHDGV��$IWHU� WKRURXJK�ZDVKLQJ�� ERXQG�����

SKDJHV�ZHUH�HOXWHG�DQG�WKH�REWDLQHG�ELQGHUV�ZHUH�FKDUDFWHUL]HG��7\SLFDOO\�WKUHH�URXQGV�����

RI�SDQQLQJ�ZLWK�GHFUHDVLQJ�DQWLJHQ�FRQFHQWUDWLRQ��H�J������Q0�����Q0��DQG���Q0��DQG�����

LQFUHDVLQJO\�WKRURXJK�ZDVKLQJ�ZHUH�SHUIRUPHG������

������
([SUHVVLRQ�DQG�SXULILFDWLRQ�RI�QDQRERGLHV�����

1DQRERGLHV�ZLWK�SURWHDVH�FOHDYDEOH�DIILQLW\�WDJV�RU�HQJLQHHUHG�F\VWHLQHV�ZHUH�URXWLQHO\�����

H[SUHVVHG�LQ�WKH�F\WRSODVP�RI�E. coli�%/5��%/���GHULYDWLYH��1RYDJHQ��RU�E. coli�6+XIIOH�����

([SUHVV� �1HZ� (QJODQG� %LRODEV��� $� ���PO� SUHFXOWXUH� �7HUULILF� %URWK� RU� �<7� PHGLXP�����

FRQWDLQLQJ� ����J�PO� .DQDP\FLQ�� ZDV� JURZQ� RYHUQLJKW� DW� ���&�� 7KH� FXOWXUH� ZDV� WKHQ�����

GLOXWHG�ZLWK�IUHVK�PHGLXP�WR�����PO��$IWHU���K�RI�JURZWK�DW����&��SURWHLQ�H[SUHVVLRQ�ZDV�����

LQGXFHG� IRU�����K�E\�DGGLQJ�����P0�,37*��$IWHU�DGGLWLRQ�RI���P0�306)�DQG����P0�����

('7$� WR� WKH� FXOWXUH�� EDFWHULD� ZHUH� KDUYHVWHG� E\� FHQWULIXJDWLRQ�� UHVXVSHQGHG� LQ� O\VLV�����

EXIIHU� ����P0� 7ULV�+&O� S+������ ����P0�1D&O�� ���P0� LPLGD]ROH�� DQG� WKHQ� O\VHG� E\�����

VRQLFDWLRQ��7KH�O\VDWH�ZDV�FOHDUHG�E\�XOWUDFHQWULIXJDWLRQ�IRU�����K��7������URWRU��6RUYDOO������

�������USP��DW���&�������

)RU� QDWLYH� DIILQLW\� SXULILFDWLRQ�� QDQRERGLHV� ZHUH� IXVHG� WR� DQ� 1�WHUPLQDO� +LV���$YL�����

SHSWLGH� �*/1',)($4.,(:+(���*O\6HU���VF68026WDU��*O\6HU���WDJ� DQG� FR�����

H[SUHVVHG�ZLWK�WKH�ELRWLQ�OLJDVH�%LU$��%HFNHWW�HW�DO���������6FKDW]��������LQ�WKH�SUHVHQFH�����

RI� a����J�PO� ELRWLQ� LQ� WKH�PHGLXP��)ROORZLQJ� O\VLV�� QDQRERGLHV�ZHUH� SXULILHG� E\�1L�������

FKHODWH�DIILQLW\�FKURPDWRJUDSK\��$IWHU�ZDVKLQJ�ZLWK�O\VLV�EXIIHU��WKH�ERXQG�SURWHLQ�ZDV�����

HOXWHG�ZLWK� ���P0�7ULV�+&O� S+������ ����P0�1D&O�� ����P0� LPLGD]ROH��$OWHUQDWLYHO\������

WKH�SXULILHG�HQ]\PH�%LU$�ZDV�DGGHG�DIWHU�ELQGLQJ�WKH�QDQRERG\�WR�D�1L���FKHODWH�DIILQLW\�����

UHVLQ�IRU�RQ�FROXPQ�ELRWLQ\ODWLRQ�LQ�%LR�EXIIHU�����P0�7ULV�+&O�S+����������P0�1D&O������
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���P0� $73�� �����P0� 0J&O��� �����0� ELRWLQ��� )RU� WKLV�� �� �0� %LU$� LQ� �[� FROXPQ�����

YROXPH� %LR�EXIIHU� ZDV� LQFXEDWHG� ZLWK� UHVLQ� XQGHU� FRQVWDQW� PL[LQJ� IRU� ��K� DW� URRP�����

WHPSHUDWXUH�� 1DQRERGLHV� ZLWK� HQJLQHHUHG� F\VWHLQHV� FDUULHG� DQ� 1�WHUPLQDO� +LV�������

EG1(''��WDJ�DQG�ZHUH�DIILQLW\�SXULILHG�YLD�1L���FKHODWH�DIILQLW\�FKURPDWRJUDSK\��$IWHU�����

ZDVKLQJ�� XQWDJJHG� QDQRERGLHV� ZHUH� HOXWHG� E\� FOHDYDJH� ZLWK� WKH� EG1('3�� SURWHDVH�����

�)UH\�DQG�*|UOLFK�������������

�����
1DWLYH�SXULILFDWLRQ�RI�SURWHLQ�FRPSOH[HV�IURP�Xenopus�HJJ�H[WUDFW�����

,QWHUSKDVH� ORZ�VSHHG� VXSHUQDWDQW� �/66�� H[WUDFW� ZDV� SUHSDUHG� IURP� Xenopus� HJJV�����

HVVHQWLDOO\�DV�GHVFULEHG�EHIRUH� �%ORZ�DQG�/DVNH\��������DQG�VWRUHG�DW� ����&��/66�ZDV�����

WKDZHG�� GLOXWHG� ��IROG� LQ� 6���� EXIIHU� ����P0� +(3(6� S+������ ���P0� .$F�� ��P0�����

0J$F�� ����P0�6XFURVH��� VXSSOHPHQWHG�ZLWK� ��P0�$73� DQG� ���J�PO�&\WRFKDODVLQ�%�����

DQG�WKHQ�FHQWULIXJHG�LQ�6HWRQ�WXEHV��6(721�6FLHQWLILF��IRU���K�DW���������J�LQ�D�6RUYDOO�����

'LVFRYHU\�0����6(�XOWUDFHQWULIXJH��6��67�URWRU���7KH� OLSLG��DQG�PHPEUDQH�IUHH�KLJK�����

VSHHG�VXSHUQDWDQW��+66��H[WUDFW�ZDV�UHWULHYHG�E\�SXQFWXULQJ�WKH�VLGH�RI�WKH�WXEH�ZLWK�D�����

QHHGOH�DQG�VHUYHG�DV�VWDUWLQJ�PDWHULDO�IRU�DIILQLW\�SXULILFDWLRQV�������

%LRWLQ\ODWHG�QDQRERGLHV�ZHUH�LPPRELOL]HG�RQ�PDJQHWLF�'\QDEHDGV�0\2QH�6WUHSWDYLGLQ�����

7���/LIH�7HFKQRORJLHV��LQ�6����EXIIHU�IRU����PLQ�DW���&��5HPDLQLQJ�ELRWLQ�ELQGLQJ�VLWHV�����

RQ� 6WUHSWDYLGLQ� ZHUH� VXEVHTXHQWO\� EORFNHG� E\� LQFXEDWLRQ� ZLWK� ����0� %LRWLQ�3(*�����

&22+��,ULV�%LRWHFK��LQ�6����EXIIHU�IRU����PLQ��7KH�EORFNHG�EHDGV�ZHUH�WKHQ�DGGHG�WR�����

Xenopus� HJJ� H[WUDFW� � � +66�� IRU� ��K� DW� ��&�� 8VLQJ� D� PDJQHWLF� UDFN�� WKH� EHDGV� ZHUH�����

VHSDUDWHG� IURP� H[WUDFW� DQG� ZDVKHG� WZLFH� LQ� 6���� EXIIHU�� IROORZHG� E\� WZR� ZDVKHV� LQ�����

���P0� 7ULV�+&O� S+������ ����P0� 1D&O�� ������ 7ZHHQ����� 1DQRERG\yWDUJHW� SURWHLQ�����

FRPSOH[HV�ZHUH�WKHQ�HOXWHG�E\�DGGLQJ������0�68026WDU�SURWHDVH��/LX�HW�DO���������LQ�����
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���P0�7ULV�+&O�S+����������P0�1D&O�IRU����PLQ�DW���&������

�����
(OHFWURQ�PLFURVFRS\�VDPSOH�SUHSDUDWLRQ�DQG�LPDJH�SURFHVVLQJ�����

'LUHFWO\�DIWHU�HOXWLRQ��QDQRERG\�SXULILHG�1XS��y1XS����DQG�1XS��y1XS����FRPSOH[HV�����

ZHUH� VXEMHFWHG� WR� WKH�*UD)L[� SURWRFRO� �.DVWQHU� HW� DO��� ������ IRU� FRPSOH[� VWDELOL]DWLRQ������

%ULHIO\��a����SPROHV�RI�QDQRERG\�SXULILHG�FRPSOH[HV��a�����O��ZHUH�ORDGHG�RQWR�D���������

PO�����±�������Z�Y��VXFURVH�JUDGLHQW�VXSSOHPHQWHG�ZLWK��������Y�Y��JOXWDUDOGHK\GH�LQ�����

WKH� ����� IUDFWLRQ�� 7KH� JUDGLHQW� ZDV� UXQ� LQ� D� 7+����� XOWUD�FHQWULIXJH� URWRU� �7KHUPR�����

6FLHQWLILF�� �������USP�� ���K�� ��&�� DQG� WKHQ� IUDFWLRQDWHG� LQWR� ���� �O� IUDFWLRQV�� 7KH�����

FKHPLFDOO\� VWDELOL]HG�PROHFXOHV� IURP� WKH� SHDN� IUDFWLRQ�ZHUH� DGVRUEHG� WR� D� WKLQ� FDUERQ�����

ILOP� E\� VXUIDFH� IORWDWLRQ� IRU� �� PLQ� DQG� QHJDWLYHO\� VWDLQHG� LQ� XUDQ\O� IRUPDWH� VROXWLRQ������

,PDJHV�ZHUH�DFTXLUHG�DW�URRP�WHPSHUDWXUH�DW�D�PDJQLILFDWLRQ�RI��������î�RQ�D��N�[��N�����

&&'� FDPHUD� �79,36� *PE+�� XVLQJ� WZR�IROG� SL[HO� ELQQLQJ� �����c�SL[HO�� LQ� D� 3KLOLSV�����

&0����)(*�HOHFWURQ�PLFURVFRSH��3KLOLSV�)(,��RSHUDWHG�DW�����N9�DFFHOHUDWLRQ�YROWDJH������

������SDUWLFOHV�ZHUH�VHOHFWHG�IURP�WKH� LPDJHV��%XVFKH��������DQG�VXEMHFWHG� WR�FRQWUDVW�����

WUDQVIHU�IXQFWLRQ�FRUUHFWLRQ��6DQGHU�HW�DO����������6XEVHTXHQWO\��DQ�LQLWLDO�DOLJQPHQW�E\�����

FODVVLILFDWLRQ��'XEH�HW�DO���������VWHS�IROORZHG�E\�LWHUDWLYH�PXOWL�UHIHUHQFH�DOLJQPHQW�DQG�����

PXOWLYDULDWH� VWDWLVWLFDO� DQDO\VLV�ZHUH�SHUIRUPHG�XVLQJ� ,0$*,&� �YDQ�+HHO� HW� DO��� �����������

UHVXOWLQJ�LQ��'�FODVV�DYHUDJHV������

�����
6LWH�VSHFLILF�IOXRUHVFHQW�ODEHOLQJ�RI�QDQRERGLHV�ZLWK�HQJLQHHUHG�F\VWHLQHV�����

3XULILHG� QDQRERGLHV�ZLWK� HQJLQHHUHG� F\VWHLQHV�ZHUH� IUHVKO\� UHGXFHG� E\� DGGLQJ� ���P0�����

7&(3�IRU����PLQ�RQ�LFH��8VLQJ�3'����GHVDOWLQJ�FROXPQV��*(�+HDOWKFDUH���WKH�EXIIHU�ZDV�����

H[FKDQJHG�WR�0DOHLPLGH�ODEHOLQJ�EXIIHU������P0�SRWDVVLXP�SKRVSKDWH�S+����������P0�����

1D&O����P0�('7$������P0�6XFURVH�� WKDW�KDG�EHHQ�YDFXXP�GHJDVHG�DQG�SXUJHG�ZLWK�����
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DUJRQ�� )RU� D� VWDQGDUG� ODEHOLQJ� UHDFWLRQ�� ���QPROHV� RI� QDQRERG\� �FRQFHQWUDWLRQ� �����������

�0�� ZHUH� UDSLGO\� PL[HG� ZLWK� ���QPROHV� RI� $OH[D� )OXRU� ���� &�� 0DOHLPLGH� �/LIH�����

7HFKQRORJLHV�� �IURP�D����P0�VWRFN� LQ�'0)���QHXWUDOL]HG� WR�S+�����ZLWK�.�+32��DQG�����

LQFXEDWHG� IRU� ����K� RQ� LFH�� )UHH� G\H� ZDV� VHSDUDWHG� IURP� ODEHOHG� QDQRERG\� E\� EXIIHU�����

H[FKDQJH�WR�0DOHLPLGH�ODEHOLQJ�EXIIHU�RQ�3'���GHVDOWLQJ�FROXPQV��4XDQWLWDWLYH�ODEHOLQJ�����

ZDV� TXDOLW\� FRQWUROOHG� E\� FDOFXODWLQJ� WKH� GHJUHH� RI� ODEHOLQJ� �'2/���ZKLFK� GHILQHV� WKH�����

PRODU�UDWLR�RI�G\H�WR�SURWHLQ��DV�ZHOO�DV�E\�6'6�3$*(�DQG�&RRPDVVLH�VWDLQLQJ��,Q�RUGHU�����

WR�REWDLQ�QDQRERGLHV�ZLWK�WKUHH�IOXRURSKRUV��ZH�UHFRPPHQG�LQWURGXFLQJ�F\VWHLQHV�DW�WKH�����

1�WHUPLQXV��6HU��DQG�$OD����RWKHU�DPLQR�DFLGV�FDQ�RFFXU�DW�WKHVH�SRVLWLRQV�LQ�GLIIHUHQW�����

QDQRERGLHV�� RI� D� JLYHQ� QDQRERG\� VHTXHQFH� WR� DFKLHYH� WKH� VPDOOHVW� SRVVLEOH� ODEHO�����

GLVSODFHPHQW��)RU�HDV\�FORQLQJ��WKUHH�F\VWHLQHV�FDQ�DOVR�EH�LQWURGXFHG�ZLWK�SULPHUV�LQ�D�����

VLQJOH�3&5�UHDFWLRQ��SRVLWLRQV��1�WHUPLQXV�DQG�6HU��LQ�WKH�IRUZDUG�SULPHU�DQG�DW�WKH�&�����

WHUPLQXV�ZLWK�WKH�UHYHUVH�SULPHU�������

)RU�$OH[D�)OXRU�����1+6�ODEHOLQJ�����QPROHV�RI�QDQRERG\��FRQFHQWUDWLRQ���������0������

ZHUH�LQFXEDWHG�ZLWK�DQ���IROG�PRODU�H[FHVV�RI�G\H�����P0�VWRFN�LQ�'0)��LQ�����P0�����

VRGLXP�ELFDUERQDWH� S+������ ����P0�1D&O� IRU� ��K� DW� ���&��6XEVHTXHQWO\�� WKH� UHDFWLRQ�����

ZDV�TXHQFKHG�DQG�IUHH�G\H�ZDV�VHSDUDWHG�E\�EXIIHU�H[FKDQJH�WR����P0�7ULV�+&O�S+����������

����P0�1D&O������P0�6XFURVH�RQ�3'���GHVDOWLQJ�FROXPQV�������

�����
,PPXQRIOXRUHVFHQFH�ZLWK�IOXRUHVFHQW�QDQRERGLHV�����

Xenopus laevis�;/����HSLWKHOLDO�FHOOV��0LOOHU�DQG�'DQLHO��������(OOLVRQ�HW�DO���������ZHUH�����

JURZQ�RQ�FRYHUVOLSV�DW����&�ZLWK����&2��LQ�Xenopus�FXOWXUH�PHGLXP�������Y�Y�ZDWHU������

���� IHWDO� ERYLQH� VHUXP�� ���� '0(0� KLJK� JOXFRVH� PHGLXP� FRQWDLQLQJ� S\UXYDWH� DQG�����

JOXWDPLQH�� DQG� ��� 8�PO� 3HQLFLOOLQ� �� ��� �J�PO� 6WUHSWRP\FLQ��� $OWHUQDWLYHO\� Xenopus ����
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laevis $��FHOOV� ��$7&&�&&/�����70��FDQ�EH�XVHG��&HOOV�ZHUH�SUH�IL[HG� IRU����VHFRQGV�����

ZLWK��������Z�Y��SDUDIRUPDOGHK\GH� LQ�7UDQVSRUW�EXIIHU� �75%�� ����P0�+(3(6�S+����������

��P0�0J$F������P0�.$F����P0�(*7$������P0�6XFURVH�� WR�SUHYHQW�GHWDFKPHQW�RI�����

FHOOV� IURP� WKH� FRYHUVOLSV� DQG� EULHIO\� ZDVKHG� WZLFH� ZLWK� 75%�� 7KH� FHOOV� ZHUH� WKHQ�����

SHUPHDELOL]HG� IRU� ��PLQ� RQ� LFH� ZLWK� SUH�FKLOOHG� 75%� FRQWDLQLQJ� ����J�PO� 'LJLWRQLQ������

)ROORZLQJ�WZR�ZDVKHV�ZLWK�75%��������Z�Y��%RYLQH�6HUXP�$OEXPLQ��%6$��IRU���PLQ�����

HDFK��WKH�FHOOV�ZHUH�LQFXEDWHG�ZLWK������Q0�RI�IOXRUHVFHQW�QDQRERG\�IRU����PLQ�RQ�LFH������

6XEVHTXHQWO\��WKH�FHOOV�ZHUH�ZDVKHG�WKUHH�WLPHV�IRU���PLQ�ZLWK�75%��������Z�Y��%6$�DW�����

URRP�WHPSHUDWXUH�DQG� WKHQ� IL[HG� IRU����PLQ�ZLWK������Z�Y��SDUDIRUPDOGHK\GH� LQ�75%������

7KH�QXFOHDU�HQYHORSHV�RI�WKH�IL[HG�FHOOV�ZHUH�DIWHUZDUGV�SHUPHDELOL]HG�ZLWK�������7ULWRQ�����

;�����IRU���PLQ��ZDVKHG�ZLWK��[3%6�DQG�'1$�ZDV�VWDLQHG�E\�DGGLWLRQ�RI����J�PO�'$3,�����

LQ� �[3%6� IRU� ���PLQ�� 7KH� FRYHUVOLSV� ZHUH� PRXQWHG� LQ� 6ORZ)DGH� *ROG� RU� 6ORZ)DGH�����

'LDPRQG� $QWLIDGH� 0RXQWDQW� �/LIH� 7HFKQRORJLHV�� DQG� DQDO\]HG� E\� FRQIRFDO� ODVHU�����

VFDQQLQJ�PLFURVFRS\�RQ�D�/HLFD�63��PLFURVFRSH������

�����
67250�LPDJLQJ�RI�QDQRERG\�VWDLQHG�;/����FHOOV�����

,Q� RUGHU� WR� REWDLQ� WKH� KLJKHVW� ODEHOLQJ� HIILFLHQF\�� ;/���� FHOOV� ZHUH� VWDLQHG� ZLWK�����

$OH[D�)OXRU�����PDOHLPLGH�FRQMXJDWHG�QDQRERGLHV�LQLWLDOO\�DIWHU�D�VKRUW�SUH�IL[DWLRQ�DQG�����

GLJLWRQLQ�SHUPHDELOL]DWLRQ�RI� WKH�SODVPD�PHPEUDQH��7KH�FHOOV�ZHUH�VXEVHTXHQWO\� IL[HG������

WKH�QXFOHDU�HQYHORSH�ZDV�SHUPHDELOL]HG�ZLWK�7ULWRQ�;�����DQG�ODEHOHG�QDQRERGLHV�ZHUH�����

DGGHG� DJDLQ�� 7KH� RSWLPDO� FRQFHQWUDWLRQ� RI� HDFK� QDQRERG\� IRU� ERWK� VWHSV� ZDV� WLWUDWHG�����

EHIRUH��XVLQJ�FRQIRFDO�PLFURVFRS\��$OO�67250�LPDJLQJ�H[SHULPHQWV�ZHUH�FDUULHG�RXW�LQ�����

0($� LPDJLQJ� EXIIHU� DV� SUHYLRXVO\� GHVFULEHG� �'HPSVH\� HW� DO��� ������� 7KH� EXIIHU�����

FRQVLVWHG� RI� ���P0� 7ULV�+&O� S+������ ���P0� 1D&O�� ����� *OXFRVH� �Z�Y��� ���P0� ȕ�����
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PHUFDSWRHWK\ODPLQH�S+������6LJPD����������DQG�����RI�DQ�HQ]\PDWLF�R[\JHQ�VFDYHQJHU�����

V\VWHP� VWRFN� VROXWLRQ�� DGGHG� WR� WKH� EXIIHU� LPPHGLDWHO\� SULRU� WR� XVH�� 7KH� R[\JHQ�����

VFDYHQJHU� VWRFN� VROXWLRQ� ZDV� SUHSDUHG� E\� PL[LQJ� JOXFRVH� R[LGDVH� ����PJ�� 6LJPD������

*������ ZLWK� FDWDODVH� �����O�� ���PJ�POí��� 6LJPD�� &���� LQ� �[� 3%6� ������O��� DQG�����

FHQWULIXJLQJ�WKH�PL[WXUH�DW��������USP�IRU���PLQ������

67250� LPDJLQJ� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� XVLQJ� D� FXVWRP�EXLOW� 67250�����

PLFURVFRSH�� EDVHG� RQ� DQ� LQYHUWHG� IOXRUHVFHQFH� PLFURVFRSH� VWDQG� �2O\PSXV� ,;���� DV�����

SUHYLRXVO\�GHVFULEHG��'HPSVH\�HW�DO����������7KH�PLFURVFRSH�ZDV�ILWWHG�ZLWK�D����[�RLO�����

LPPHUVLRQ� REMHFWLYH� OHQV� �2O\PSXV� 83/$16$32�� 1$������ ZKLFK� HQDEOHG� HIILFLHQW�����

GHWHFWLRQ�RI� VLQJOH� IOXRURSKRUHV��7KH�REMHFWLYH� OHQV�ZDV�PRXQWHG�RQ�D�SLH]R�SRVLWLRQHU�����

�3LH]R�-HQD���ZKLFK�HQDEOHG�ILQH�IRFXV�DGMXVWPHQW��$�FXVWRP�EXLOW�IRFXV�ORFN�V\VWHP�ZDV�����

XVHG� WR� PDLQWDLQ� D� VWDEOH� IRFXV� GXULQJ� GDWD� DFTXLVLWLRQ�� )RU� 67250� LPDJLQJ�� SKRWR�����

VZLWFKDEOH� $OH[D� )OXRU� ���� ZDV� H[FLWHG� DW� ���� QP�� DQG� LQ� VRPH� PHDVXUHPHQWV� WKH�����

VDPSOH�ZDV�DOVR�H[SRVHG�WR�����QP�OLJKW�WR�LQFUHDVH�WKH�DFWLYDWLRQ�UDWH�RI�VZLWFKLQJ��$�����

ILEHU�ODVHU��03%�&RPPXQLFDWLRQV���58�9)/�3�����������ZDV�XVHG�WR�JHQHUDWH�����QP�����

OLJKW�� 7KH� ODVHU� LOOXPLQDWLRQ�ZDV� FRQILJXUHG� VXFK� WKDW� WKH� LOOXPLQDWLRQ� DQJOH� FRXOG� EH�����

YDULHG� EHWZHHQ� DQ� HSL�LOOXPLQDWLRQ� JHRPHWU\� DQG� D� WRWDO� LQWHUQDO� UHIOHFWLRQ� �7,5)������

LOOXPLQDWLRQ�PRGH��7\SLFDOO\��WKH�VDPSOH�ZDV�LOOXPLQDWHG�ZLWK�REOLTXH�LOOXPLQDWLRQ��QRW�����

7,5)�� IRU� UHGXFHG� EDFNJURXQG� VLJQDO�� )OXRUHVFHQFH� HPLVVLRQ� RI� $OH[D� )OXRU� ���� ZDV�����

GHWHFWHG� XVLQJ� DQ� (0&&'� FDPHUD� �$QGRU� ,[RQ� '8������ 67250� GDWD� DQDO\VLV� ZDV�����

FDUULHG�RXW�XVLQJ�FXVWRP�DQDO\VLV�VRIWZDUH��DV�SUHYLRXVO\�GHVFULEHG��%DWHV�HW�DO��������������

�����
&U\VWDOOL]DWLRQ�DQG�VWUXFWXUH�GHWHUPLQDWLRQ�����
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7KH� Xenopus� 1XS���������� 13&� DQFKRU� GRPDLQ� DQG� WKH� DQWL�1XS��� QDQRERG\� 73��������

ZHUH� H[SUHVVHG�ZLWK� DQ�1�WHUPLQDO�+LV���EG6802�WDJ� DQG� SXULILHG� XVLQJ�1L��� FKHODWH�����

DIILQLW\� FKURPDWRJUDSK\�� &U\VWDOOL]DWLRQ� UHTXLUHG� DQ� H[FKDQJH� RI� WKH� VXUIDFH�H[SRVHG�����

F\VWHLQH� ���� RI� 1XS��� WR� VHULQH�� +LJKO\� SXUH� XQWDJJHG� SURWHLQ� ZDV� FOHDYHG� RII� WKH�����

FROXPQ�XVLQJ����Q0�EG6(1�3�SURWHDVH��)UH\�DQG�*|UOLFK��������LQ����P0�7ULV�����P0�����

1D&O�� 7KH� FRPSOH[�ZDV� IRUPHG� E\� LQFXEDWLQJ� HTXLPRODU� DPRXQWV� RI�1XS���������� DQG�����

73����R�Q�DW���&�DQG�WKHQ�VXEMHFWHG�WR�DQLRQ�H[FKDQJH�FKURPDWRJUDSK\�XVLQJ�D�+L7UDS�����

4�+3���PO�FROXPQ��*(�+HDOWKFDUH���7KH�HOXWHG�FRPSOH[�ZDV�WKHQ�IXUWKHU�SXULILHG�XVLQJ�����

JHO� ILOWUDWLRQ� RQ� D�+L�/RDG� 6XSHUGH[���������� FROXPQ� HTXLOLEUDWHG� LQ� ���P0�7ULV�+&O�����

S+������ ���P0�1D&O�� 7KH� FRPSOH[�ZDV� FU\VWDOOL]HG� E\� WKH� YDSRU� GLIIXVLRQ�PHWKRG� LQ�����

VLWWLQJ� GURSV�� ��� QO� RI� D� UHVHUYRLU� VROXWLRQ� FRQWDLQLQJ� ������Z�Y�� 3HQWDHU\WKULWRO�����

SURSR[\ODWH�������32�2+��-HQD�%LRVFLHQFH��DQG�����P0�7ULV�S+�����ZDV�PL[HG�ZLWK��������

QO� RI� WKH� SUHSDUHG� SURWHLQ� FRPSOH[� VROXWLRQ� FRQFHQWUDWHG� WR� ���PJ�PO�� &U\VWDOV� JUHZ�����

ZLWKLQ� ��GD\� DW� ���&� DQG�ZHUH� IODVK�IUR]HQ� LQ� OLTXLG� QLWURJHQ�ZLWKRXW� DGGLWLRQDO� FU\R�����

SURWHFWLRQ��'LIIUDFWLRQ�GDWD�ZDV�FROOHFWHG�DW�����.�ZLWK�D�ZDYHOHQJWK�RI��������c�RQ�WKH�����

EHDPOLQH� 3;,,� DW� WKH� 6ZLVV� /LJKW� 6RXUFH� �6/6�� DW� WKH� 3DXO� 6FKHUUHU� ,QVWLWXWH������

6ZLW]HUODQG��&U\VWDOV�EHORQJHG�WR�WKH�VSDFH�JURXS�3���DQG�GLIIUDFWHG�WR�����c��VHH�7DEOH�����

����)RU�VWUXFWXUH�GHWHUPLQDWLRQ��PROHFXODU�UHSODFHPHQW�ZDV�SHUIRUPHG�LQ�3+$6(5�ZLWK�D�����

SXEOLVKHG�QDQRERG\�VWUXFWXUH��3'%��.51��6FKPLW]�HW�DO���������DV�D�VHDUFK�PRGHO��7KH�����

UHVXOWLQJ�HOHFWURQ�GHQVLW\�PDS�ZDV�XVHG�IRU�DXWRPDWHG�PRGHO�EXLOGLQJ�LQ�3KHQL[��$GDPV�����

HW�DO��������������

�����
(SLWRSH�PDSSLQJ�YLD�FURVVOLQNLQJ�PDVV�VSHFWURPHWU\�����
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$QWL�1XS���QDQRERGLHV�73����RU�73����DQG�1XS����a����0�HDFK��ZHUH�LQFXEDWHG�RQ�����

LFH� IRU� ���PLQ� LQ�0DOHLPLGH� ODEHOLQJ�EXIIHU� WR� DOORZ�FRPSOH[� IRUPDWLRQ��$IWHU� DGGLQJ�����

����0�RI�FURVVOLQNLQJ�DJHQW��WKH�S+�ZDV�LQFUHDVHG�WR�����DQG�WKH�UHDFWLRQ�ZDV�FRQWLQXHG�����

IRU� ��K� RQ� LFH�� 7KH� IROORZLQJ� FURVVOLQNHUV� ZHUH� XVHG� �0DO�1+6��  � %036� �������

>0DOHLPLGR@SURSLRQLF�DFLG�1+6�HVWHU��,ULV�%LRWHFK��&$6��������������DQG��%LV�1+6�� �����

%6�� �6XEHULF� DFLG� ELV>VXOIR� 1+6� HVWHU@�� /LIH� 7HFKQRORJLHV�� &$6� �������������� 2QH�����

HLJKWK� RI� WKH� UHDFWLRQ� ZDV� ORDGHG� RQ� D� 6'6�3$*(� JHO�� 7KH� EDQG� FRUUHVSRQGLQJ� WR�����

FURVVOLQNHG�SURGXFWV�ZDV�H[FLVHG�DQG� VXEMHFWHG� WR� LQ�JHO� WU\SVLQ�GLJHVWLRQ�DV�GHVFULEHG�����

�6FKPLGW�DQG�8UODXE���������7KH�SHSWLGH� IUDJPHQWV�ZHUH�H[WUDFWHG� LQ�D� VROYHQW� V\VWHP�����

FRQWDLQLQJ�����DFHWRQLWULOH��$&1���������IRUPLF�DFLG��)$��WR�D�ILQDO�YROXPH�RI��������O�����

DQG� VXEPLWWHG� WR� OLTXLG� FKURPDWRJUDSK\�WDQGHP� PDVV� VSHFWURPHWU\� �/&�06�06������

DQDO\VLV������

)RU� /&�06�06� DQDO\VLV�� �� �O� RI� WKH� VDPSOH� VROXWLRQ� ZDV� LQMHFWHG� LQWR� D� QDQR�OLTXLG�����

FKURPDWRJUDSK\� V\VWHP� �8OWL0DWH70������56/&QDQR� V\VWHP�� LQFOXGLQJ� D� �� FP�î���������

�P� LQQHU� GLDPHWHU�&��� WUDSSLQJ�FROXPQ� LQ�OLQH�ZLWK� D� ��� FP�î�����P� LQQHU� GLDPHWHU�����

&��� DQDO\WLFDO� FROXPQ� �ERWK� LQ�KRXVH� SDFNHG� ZLWK� �����P� &��� PDWHULDO�� 'U�� 0DLVFK�����

*PE+��� 3HSWLGHV� ZHUH� GHVDOWHG� RQ� WKH� WUDSSLQJ� FROXPQ� IRU� �� PLQ� DW� D� IORZ� UDWH� RI�����

����O�PLQ�LQ������RI�PRELOH�SKDVH�$��������)$�LQ�+�2��Y�Y��DQG�����RI�PRELOH�SKDVH�%�����

������$&1�DQG��������)$�LQ�+�2��Y�Y���HOXWHG�IURP�WKH�WUDSSLQJ�FROXPQ��DQG�VHSDUDWHG�����

RQ�WKH�DQDO\WLFDO�FROXPQ�XVLQJ�D����PLQ�OLQHDU�JUDGLHQW�RI���������PRELOH�SKDVH�%�DW�D�����

IORZ� UDWH� RI� ���� Q/�PLQ�� 6HSDUDWHG� SHSWLGHV� ZHUH� DQDO\]HG� RQ�OLQH� ZLWK� DQ� 2UELWUDS�����

)XVLRQ�PDVV�VSHFWURPHWHU��7KHUPR�6FLHQWLILF���7KH����PRVW�LQWHQVH�SUHFXUVRU�LRQV�ZLWK�����

FKDUJH� VWDWHV� ���� LQ� WKH� VXUYH\� VFDQ� ���������� P�]� VFDQ� UDQJH�� ZHUH� LVRODWHG� LQ� WKH�����
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TXDGUXSROH�PDVV� ILOWHU� �LVRODWLRQ�ZLQGRZ�����P�]��DQG�IUDJPHQWHG� LQ� WKH�KLJKHU�HQHUJ\�����

FROOLVLRQDO� GLVVRFLDWLRQ� �+&'�� FHOO�ZLWK� ����� QRUPDOL]HG� FROOLVLRQ� HQHUJ\��$� G\QDPLF�����

H[FOXVLRQ�RI����V�ZDV�XVHG��%RWK�WKH�VXUYH\�VFDQ��06���DQG�WKH�SURGXFW�LRQ�VFDQ��06�������

ZHUH� SHUIRUPHG� LQ� WKH� 2UELWUDS� DW� �������� DQG� ������� UHVROXWLRQ�� UHVSHFWLYHO\�� 6SUD\�����

YROWDJH�ZDV�VHW�DW�����N9�DQG������RI�6�OHQV�5)�OHYHO�ZDV�XVHG��$XWRPDWLF�JDLQ�FRQWURO�����

�$*&��WDUJHWV�ZHUH�VHW�DW��î����DQG��î����IRU�06��DQG�06���UHVSHFWLYHO\������

�����
'DWDEDVH�VHDUFK�IRU�FURVVOLQNHG�SHSWLGHV�����

7KH�UDZ�GDWD�RI�/&�06�06�DQDO\VLV�ZHUH�FRQYHUWHG�WR�PDVFRW�JHQHULF�IRUPDW��PJI��ILOHV�����

E\� 3URWHRPH� 'LVFRYHUHU� ���������� VRIWZDUH� �7KHUPR� 6FLHQWLILF��� 7KH� PJI� ILOHV� ZHUH�����

VHDUFKHG� DJDLQVW� D� )$67$� GDWDEDVH� FRQWDLQLQJ� WKH� VHTXHQFHV� RI� WKH� QDQRERG\� DQG�����

1XS���E\�S/LQN������VRIWZDUH��<DQJ�HW�DO���������XVLQJ�D�WDUJHW�GHFR\�VWUDWHJ\��'DWDEDVH�����

VHDUFK� SDUDPHWHUV� LQFOXGHG� PDVV� DFFXUDFLHV� RI� 06�� ���� SSP� DQG� 06�� ���� SSP������

FDUEDPLGRPHWK\ODWLRQ� RQ� F\VWHLQH� DQG� R[LGDWLRQ� RQ� PHWKLRQLQH� DV� YDULDEOH�����

PRGLILFDWLRQV�� 7KH� QXPEHU� RI� UHVLGXHV� RI� HDFK� SHSWLGH� RQ� D� FURVVOLQN� SDLU� ZDV� VHW�����

EHWZHHQ���DQG������$�PD[LPXP�RI�WZR�WU\SVLQ�PLVVHG�FOHDYDJH�VLWHV�ZHUH�DOORZHG��7KH�����

UHVXOWV� ZHUH� REWDLQHG� ZLWK� ���� IDOVH� GLVFRYHU\� UDWH�� 7KH� LGHQWLILHG� FURVVOLQNV� ZHUH�����

ILOWHUHG�ZLWK�D�WKUHVKROG�RI�DW�OHDVW���VSHFWUDO�FRXQWV�DQG�D�S/LQN�VFRUH�����H��������

�����

$FNQRZOHGJHPHQWV�����

:H� ZRXOG� OLNH� WR� WKDQN� 8OULNH� 7HLFKPDQQ� DQG� 5ROI� 5�PHQDSI� IRU� DQLPDO� FDUH� DQG�����

LPPXQL]DWLRQ��-HQV�.UXOO��5HQDWH�5HHV��+HLQ]�-�UJHQ�'HKQH�DQG�*DEULHOH�+DZOLWVFKHFN�����

IRU�H[FHOOHQW�WHFKQLFDO�DVVLVWDQFH��9RONHU�&RUGHV�IRU�VKDULQJ�WKH�+H/D�*)3�1XS����FHOO�����

OLQH�� .RUD\� .LUOL� IRU� KHOS� ZLWK� VHTXHQFH� DQDO\VLV�� $OSDFDV� 2OJD� DQG� 'RULV� IRU� NLQGO\�����
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VKDULQJ� WKHLU�H[TXLVLWH� LPPXQH�UHSHUWRLUH�� WKH�FU\VWDOOL]DWLRQ�IDFLOLW\�RI�RXU� LQVWLWXWH� IRU�����

SURYLGLQJ� WKH� URERWLF�VFUHHQLQJ� LQIUDVWUXFWXUH��1DWDOLLD�1DXPHQNR�DQG�&RUQHOLD�3D]� IRU�����

FULWLFDO� UHDGLQJ�RI� WKH�PDQXVFULSW�DQG� WKH�0D[�3ODQFN�*HVHOOVFKDIW�DV�ZHOO�DV� WKH�')*�����

�6)%����� IRU� IXQGLQJ� WKLV� ZRUN�� &RRUGLQDWHV� DQG� VWUXFWXUH� IDFWRU� ILOHV� KDYH� EHHQ�����

VXEPLWWHG� WR� WKH� 3URWHLQ�'DWD�%DQN� �3'%�� DQG� DUH� DYDLODEOH� XQGHU� WKH� DFFHVVLRQ� FRGH�����

�(�4�������

�����

&RPSHWLQJ�,QWHUHVWV�����

7KH�DXWKRUV�GHFODUH�WKDW�WKHUH�DUH�QR�FRQIOLFWV�RI�LQWHUHVW�� �����
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6WUHSWDYLGLQ�DJDURVH�XQG�XVHG�WR�ELQG�WKH�UHGXFHG�*)3�WDJJHG�73�����%LQGLQJ�ZDV�LQ�WKH�����

DEVHQFH�RU�SUHVHQFH�RI� DQ� HTXLPRODU� DPRXQW�RU���IROG� H[FHVV�RI�QDQRERG\�FRPSHWLWRU������

QDPHO\� XQWDJJHG� 73���� SURGXFHG� HLWKHU� LQ� WKH� R[LGDWLYH� SHULSODVP�� LQ� WKH� PLOGO\�����

R[LGDWLYH� F\WRSODVP� RI� E. coli� 6+XIIOH� RU� LQ� WKH� UHGXFWLYH� F\WRSODVP� RI� %/5�� %RXQG�����

QDQRERGLHV�ZHUH�WKHQ�HOXWHG�E\�SURWHRO\WLF�FOHDYDJH�RI�WKH�EG6802�WDJ�RI�1XS���DQG�����

DQDO\]HG� E\� 6'6�3$*(� IROORZHG� E\� &RRPDVVLH�VWDLQLQJ�� 1RWH� WKDW� WKH� R[LGL]HG������

GLVXOILGH�ERQG�VWDELOL]HG�QDQRERG\��SURGXFHG�LQ�WKH�SHULSODVP��EHKDYHG�OLNH�WKH�UHGXFHG�����

YDULDQW� �SURGXFHG� LQ� WKH� E. coli� %/5� F\WRSODVP��� )RUPDWLRQ� RI� WKH� GLVXOILGH� ERQG�����

WKHUHIRUH�GRHV�QRW�VHHP�WR�VLJQLILFDQWO\�FRQWULEXWH�WR�WKH�RYHUDOO�DIILQLW\������

�G�� 'LIIHUHQWLDO� VFDQQLQJ� IOXRULPHWU\� �WKHUPRIOXRU�� 1LHVHQ� HW� DO��� ������ DQDO\VLV� RI�����

QDQRERGLHV�H[SUHVVHG�LQ�WKH�R[LGDWLYH�SHULSODVP��UHG��RU�WKH�UHGXFWLYH�F\WRVRO��EOXH��RI�����

E. coli�%/5��7KH�DQWL�1XS���DQG�DQWL�1XS���QDQRERGLHV�ZHUH�KHDWHG�LQ�WKH�SUHVHQFH�RI�����

6\SUR� 2UDQJH� G\H� IURP� �������&� DQG� WKHUPDO� XQIROGLQJ� FXUYHV� ZHUH� REWDLQHG�� 7KH�����

PHOWLQJ�WHPSHUDWXUH�LV�GHULYHG�IURP�WKH�LQIOHFWLRQ�SRLQW�RI�WKH�FXUYH������

�����
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)LJXUH��������

3XULILFDWLRQ�DQG�QDWLYH�HOXWLRQ�RI�13&�VXEFRPSOH[HV�ZLWK�VSHFLILF�QDQRERGLHV������

�D��6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�VXEFRPSOH[�RUJDQL]DWLRQ�DQG�UHODWLYH�ORFDOL]DWLRQ�RI�����

1XSV�ZLWKLQ� DQ� DV\PPHWULF� XQLW� RI� WKH� HLJKWIROG� URWDWLRQDO� V\PPHWULF� YHUWHEUDWH� 13&�����

�210�,10� �RXWHU�DQG�LQQHU�QXFOHDU�PHPEUDQH���7KH�QXFOHDU�DQG�F\WRSODVPLF�ULQJV�RI�����

WKH� VWUXFWXUDO� 13&� VFDIIROG� DUH� PDLQO\� FRPSRVHG� RI� WKH� 1XS����1XS���� <�VKDSHG�����

FRPSOH[� �JUHHQ��� 7KH� FHQWUDO� LQQHU� ULQJ� RI� WKH� VFDIIROG� LV� FRPSRVHG� RI� WKH� 1XS�������

VXEFRPSOH[� �EOXH��� 7KH� VFDIIROG� LV� ERXQG� WR� WKH� QXFOHDU� HQYHORSH� YLD� WUDQVPHPEUDQH�����

1XSV� DQG� IXUWKHU� DQFKRUV� )*�UHSHDW� QXFOHRSRULQV� �H�J�� 1XS��� �UHG�� DQG� WKH�����

1XS��y1XS��y1XS���FRPSOH[��EURZQ���ZLWKLQ�WKH�FHQWUDO�FKDQQHO��ZKHUH�WKH\�IRUP�WKH�����

SHUPHDELOLW\�EDUULHU��1XSV�DJDLQVW�ZKLFK�QDQRERGLHV�ZHUH�UDLVHG�DUH�KLJKOLJKWHG�LQ�EROG������

�E��1DWLYH�SXULILFDWLRQ�RI�PDMRU�13&�VFDIIROG�VXEFRPSOH[HV�DQG�)*�UHSHDW�QXFOHRSRULQV�����

IURP� Xenopus� HJJ� H[WUDFW�� %LRWLQ\ODWHG� +LV���$YL��*O\6HU���68026WDU��*O\6HU�������

WDJJHG�QDQRERGLHV�ZHUH�LPPRELOL]HG�RQ�PDJQHWLF�6WUHSWDYLGLQ�EHDGV�DQG�WKHQ�LQFXEDWHG�����

ZLWK�Xenopus�HJJ�H[WUDFW��$IWHU�ZDVKLQJ��QDQRERGLHV�ZHUH�JHQWO\�HOXWHG�DORQJ�ZLWK�WKHLU�����

ERXQG�WDUJHW�FRPSOH[HV�E\�68026WDU�SURWHDVH�FOHDYDJH��2QH�WHQWK�RI�WKH�HOXDWHV�ZHUH�����

DQDO\]HG�E\�6'6�3$*(�DQG�&RRPDVVLH�VWDLQLQJ��$OO� ODEHOHG�EDQGV�ZHUH� LGHQWLILHG�YLD�����

PDVV�VSHFWURPHWU\��7KH�FRORU�FRGH�UHSUHVHQWV�WKH�VXEFRPSOH[�RUJDQL]DWLRQ�RI�WKH�13&�DV�����

LOOXVWUDWHG� LQ� �D��� $� QDQRERG\� UDLVHG� DJDLQVW� E. coli� 0DOWRVH�ELQGLQJ� SURWHLQ� �0%3������

VHUYHG�DV�D�QHJDWLYH�FRQWURO������

�����

)LJXUH���±�ILJXUH�VXSSOHPHQW��������

2SWLPL]DWLRQ�RI�QDWLYH�SURWHLQ�FRPSOH[�SXULILFDWLRQ�XVLQJ�QDQRERGLHV������

�D�� 6'6�3$*(� DQG� &RRPDVVLH�VWDLQLQJ� VKRZLQJ� WKH� H[SUHVVLRQ� RI� WKH� DQWL�1XS�������

QDQRERG\� 73���� FDUU\LQJ� D� SURWHDVH�FOHDYDEOH� DIILQLW\� WDJ� �+LV���$YL��*O\6HU�������

68026WDU��*O\6HU���� LQ� WKH�E. coli� F\WRSODVP� DQG� LWV� RQH�VWHS� SXULILFDWLRQ� XVLQJ�1L�������

FKHODWH�DIILQLW\�FKURPDWRJUDSK\�DQG�LPLGD]ROH�HOXWLRQ��7KH�$YL�WDJ�PHGLDWHV�ELQGLQJ�WR�����

6WUHSWDYLGLQ� DIWHU� ELRWLQ\ODWLRQ� E\� WKH� ELRWLQ� OLJDVH�%LU$� �%HFNHWW� HW� DO��� ������ 6FKDW]������

�����������

�E�� $QDO\VLV� RI� QDWLYHO\� SXULILHG� DQG� UHPDLQLQJ� EHDG�ERXQG�PDWHULDO�� $QWL�1XS��� DQG�����

DQWL�1XS���QDQRERGLHV�ZHUH�XVHG�WR�SXULI\�WKHLU�UHVSHFWLYH�WDUJHW�FRPSOH[HV�IURP�FUXGH�����
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Xenopus� HJJ� H[WUDFW�� $IWHU� QDWLYH� HOXWLRQ� ZLWK� 68026WDU� SURWHDVH�� WKH� EHDGV� ZHUH�����

KHDWHG� LQ�6'6�3$*(�VDPSOH�EXIIHU�FRQWDLQLQJ�����P0�XUHD� IRU����PLQ�DW����&��1RWH�����

WKDW� SURWHDVH� FOHDYDJH� UHOHDVHG� WKH� FRJQDWH� FRPSOH[HV� YHU\� HIILFLHQWO\� DQG� WKDW� WKH�����

UHPDLQLQJ� EHDG�ERXQG�PDWHULDO� HVVHQWLDOO\� UHSUHVHQWV� MXVW� WKH� QRQ�VSHFLILF� EDFNJURXQG������

FOHDYHG�WDJV�DQG�OHDNHG�VWUHSWDYLGLQ������

�F�� (IIHFW� RI� D� 5DQ4��/y*73�ZDVK� RQ� )*�UHSHDW� 1XS� SXULILFDWLRQ�� )*� UHSHDW�ERXQG�����

QXFOHDU� WUDQVSRUW� UHFHSWRUyFDUJR� FRPSOH[HV� ZHUH� HIILFLHQWO\� UHPRYHG� E\� ZDVKLQJ� WKH�����

EHDGV� IRU� ���PLQ� DW� ��&� ZLWK� �����O� ���0� 5DQ4��/�����y*73� EHIRUH� HOXWLRQ� ZLWK�����

68026WDU�SURWHDVH������

�����

)LJXUH��������

6WUXFWXUDO�DQDO\VLV�RI�QDWLYHO\�SXULILHG�1XS���FRPSOH[HV������

�D�� $QWL�1XS��� QDQRERG\� 73����SXULILHG� 1XS��y1XS���� DQG� 1XS��y1XS��������

FRPSOH[HV�ZHUH� VXEMHFWHG� WR� WKH�*UD)L[� SURFHGXUH� �.DVWQHU� HW� DO��� ������ DQG� QHJDWLYH�����

VWDLQLQJ�IRU�DQDO\VLV�E\�HOHFWURQ�PLFURVFRS\���E��*DOOHU\�RI����VHOHFWHG�FODVV�DYHUDJHV�RI�����

1XS��y1XS����DQG�1XS��y1XS����SDUWLFOHV������

�����

)LJXUH��������

0DOHLPLGH� PRGLILFDWLRQ� RI� WKH� LQWHUQDO� F\VWHLQHV� RI� UHGXFHG� QDQRERGLHV� XSRQ�����

WKHUPDO�XQIROGLQJ������

,QGLFDWHG� QDQRERGLHV�� H[SUHVVHG� LQ� WKH� UHGXFWLYH� F\WRSODVP� RI� E. coli� %/5�� ZHUH�����

LQFXEDWHG� DW� WKH� LQGLFDWHG� WHPSHUDWXUHV� LQ� WKH�SUHVHQFH�RU� DEVHQFH�RI� D� WZR�IROG�PRODU�����

H[FHVV�RI�ELRWLQ�3(*���PDOHLPLGH�������N'D��LQ�EXIIHU��7KH�DGGLWLRQ�RI���0�XUHD�VHUYHG�����

DV�D�SRVLWLYH�FRQWURO�IRU�PDOHLPLGH�PRGLILFDWLRQ�RI�WKH�LQWHUQDO�F\VWHLQHV�XSRQ�FKHPLFDO�����

XQIROGLQJ������

�����

)LJXUH��������

6LWH�VSHFLILF�IOXRUHVFHQW�ODEHOLQJ�RI�QDQRERGLHV������

�D��&U\VWDO�VWUXFWXUH�RI� WKH�1XS���13&�DQFKRU�GRPDLQ��1XS�����������EOXH�� LQ�FRPSOH[�����

ZLWK�WKH�DQWL�1XS���QDQRERG\�73�����EHLJH���7KH�WKUHH�DQWLJHQ�ELQGLQJ�ORRSV��&'5�,�����

,,,��RI�73����DUH�FRORUHG�UHG���17� �1�WHUPLQXV��&7� �&�WHUPLQXV������
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�E�� 7HVWHG� SRVLWLRQV� RI� HQJLQHHUHG� F\VWHLQHV� �\HOORZ�� LOOXVWUDWHG� IRU� QDQRERG\� 73���������

$QWLJHQ�ELQGLQJ�ORRSV�DUH�VKRZQ�LQ�UHG������

�F�� 4XDQWLWDWLYH� ODEHOLQJ� RI� 73���� ZLWK� $OH[D� )OXRU����� PDOHLPLGH�� 73���� ZLWK�����

F\VWHLQHV� DW� WKH� LQGLFDWHG� SRVLWLRQV� FDQ� EH� TXDQWLWDWLYHO\� ODEHOHG�ZLWK�$OH[D� )OXRU���������

PDOHLPLGH�� /DEHOLQJ� LQWURGXFHV� D� VL]H� VKLIW� LQ� 6'6�3$*(�� 'HWHFWLRQ� ZDV� HLWKHU� E\�����

&RRPDVVLH�VWDLQLQJ�RU�E\�LQ�JHO�IOXRUHVFHQFH����[&\V� �17�&\V���6�&���6��&������

�G�� 'LJLWRQLQ�SHUPHDELOL]HG�Xenopus� ;/���� FHOOV� ZHUH� LQFXEDWHG� ZLWK� ��� Q0� 73��������

FDUU\LQJ� D� VLQJOH� $OH[D� )OXRU� ����PROHFXOH� DW� WKH� LQGLFDWHG� SRVLWLRQ�� &HOOV� ZHUH� WKHQ�����

ZDVKHG�� IL[HG�DQG�FRXQWHUVWDLQHG�ZLWK�'$3,� �'1$���$�FKDUDFWHULVWLF�QXFOHDU� ULP�VWDLQ�����

LQGLFDWHV�ODEHOLQJ�RI�13&V��1RWH�WKDW�ODEHOLQJ�RI�73����YHU\�FORVH�WR�LWV�DQWLJHQ�ELQGLQJ�����

ORRSV�GLG�QRW�SHUWXUE�ELQGLQJ������

�����

)LJXUH���±�ILJXUH�VXSSOHPHQW��������

([SUHVVLRQ� DQG� UHODWLYH� DIILQLW\� RI� DQWL�1XS��� QDQRERG\� 73���� ZLWK� HQJLQHHUHG������

VXUIDFH�F\VWHLQHV�������

�D��$PLQR�DFLG�VHTXHQFH�RI�DQWL�1XS���QDQRERG\�73����LOOXVWUDWLQJ�WKH�SRVLWLRQV�FKRVHQ������

IRU�PXWDWLRQ�WR�F\VWHLQH��UHG���������

�E�� 6'6�3$*(� DQG� &RRPDVVLH�VWDLQLQJ� VKRZLQJ� WKH� H[SUHVVLRQ� DQG� SXULILFDWLRQ� RI������

73���� ZLWK� WKUHH� HQJLQHHUHG� F\VWHLQHV� �17�&\V�� 6HU�&\V�� &7�&\V�� LQ� WKH� E. coli������

F\WRSODVP�� 6LQJOH�VWHS� SXULILFDWLRQ� ZDV� SHUIRUPHG� XVLQJ� 1L���FKHODWH� DIILQLW\������

FKURPDWRJUDSK\�DQG�FOHDYDJH�XVLQJ�WKH�EG1('3��SURWHDVH�������

�F��5HODWLYH� DIILQLW\�RI�73����ZLWK�GLIIHUHQW� ODEHOLQJ� UDWLR� WR�1XS�����������*)3�WDJJHG������

73���� ZDV� LQFXEDWHG� ZLWK� ELRWLQ\ODWHG� +LV���$YL�EG6802�WDJJHG� 1XS���������������

LPPRELOL]HG� RQ� 6WUHSWDYLGLQ� DJDURVH�� )RU� FRPSHWLWLRQ�� XQODEHOHG�� �[� RU� �[� $OH[D������

)OXRU�����ODEHOHG�73����ZDV�DGGHG�LQ�HTXLPRODU�DPRXQW�RU���IROG�PRODU�H[FHVV�UHODWLYH������

WR�*)3�73�����%RXQG�QDQRERGLHV�ZHUH� HOXWHG�E\�EG6(1�3�FOHDYDJH� DQG� DQDO\]HG�E\������

6'6�3$*(�IROORZHG�E\�&RRPDVVLH�VWDLQLQJ�������

������

)LJXUH���������

,PPXQRIOXRUHVFHQFH�ZLWK�VLWH�VSHFLILFDOO\�ODEHOHG�DQWL�1XS�QDQRERGLHV�������
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�D�� Xenopus� ;/���� FHOOV� ZHUH� GLJLWRQLQ�SHUPHDELOL]HG� DQG� VWDLQHG� ZLWK� DQWL�1XS������

QDQRERGLHV�FDUU\LQJ�D�VLQJOH�1�WHUPLQDO�$OH[D�)OXRU�����PDOHLPLGH�G\H�EHIRUH�IL[DWLRQ������

DQG� '$3,� VWDLQLQJ�� $� FKDUDFWHULVWLF� QXFOHDU� ULP� VWDLQ� LQGLFDWHV� ODEHOLQJ� RI� 13&V�� $������

QDQRERG\� UDLVHG� DJDLQVW� E. coli� 0DOWRVH�ELQGLQJ� SURWHLQ� �0%3�� VHUYHG� DV� D� QHJDWLYH������

FRQWURO�������

�E�� /DEHOLQJ� RI� WKH� DQWL�*)3� QDQRERG\� (QKDQFHU� ZLWK� $OH[D� )OXRU� ���� 1+6� HVWHU� DW������

O\VLQHV� RU� DW� WKUHH� HQJLQHHUHG� F\VWHLQHV� XVLQJ� $OH[D� )OXRU� ���� PDOHLPLGH�� /DEHOLQJ������

LQWURGXFHV�D�VL]H�VKLIW�LQ�6'6�3$*(��'HWHFWLRQ�ZDV�HLWKHU�E\�&RRPDVVLH�VWDLQLQJ�RU�E\������

LQ�JHO�IOXRUHVFHQFH�������

�F�� 6WDLQLQJ� RI� +H/D� FHOOV� VWDEO\� H[SUHVVLQJ� *)3�WDJJHG� 1XS���� ZLWK� WKH� DQWL�*)3������

QDQRERG\� ODEHOHG�YLD�1+6�HVWHU�RU�PDOHLPLGH�$OH[D�)OXRU������7KH�QDQRERG\�73����������

UDLVHG�DJDLQVW�Xenopus �[�1XS����GRHV�QRW�FURVV�UHDFW�ZLWK�KXPDQ�1XS���DQG�VHUYHG�DV������

D� QHJDWLYH� FRQWURO�� 7KH� 1+6�ODEHOHG� *)3� QDQRERG\� SURGXFHG� VWURQJ� EDFNJURXQG������

VWDLQLQJ��ZKLOH�LWV�PDOHLPLGH�ODEHOHG�YHUVLRQ�\LHOGHG�EULJKW�QXFOHDU�ULP�VWDLQV�������

�G��6WDLQLQJ�RI�;/����FHOOV�ZLWK�QDQRERGLHV�ODEHOHG�ZLWK�$OH[D�)OXRU�����HLWKHU�DW�WKHLU������

LQWHUQDO� O\VLQH� UHVLGXHV� �1+6� HVWHU� G\H�� RU� YLD� HQJLQHHUHG� F\VWHLQHV� �PDOHLPLGH� G\H��������

1RWH�WKDW�WKH�ZLGHO\�XVHG�DQWL�*)3�QDQRERG\�(QKDQFHU�SURGXFHV�VLJQLILFDQW�EDFNJURXQG������

VWDLQLQJ� ZKHQ� ODEHOHG� YLD� O\VLQHV� EXW� QRW� ZKHQ� XVLQJ� HQJLQHHUHG� F\VWHLQHV� DQG� D������

PDOHLPLGH� G\H��$OO� QDQRERGLHV�ZHUH� XVHG� DW� D� FRQFHQWUDWLRQ� RI� ��� Q0� DQG� DOO� LPDJHV������

ZHUH�REWDLQHG�XQGHU�LGHQWLFDO�VHWWLQJV���'2/� �GHJUHH�RI�ODEHOLQJ�������

������

)LJXUH���������

67250� LPDJLQJ� RI� QXFOHDU� SRUH� FRPSOH[HV� VWDLQHG� ZLWK� VLWH�VSHFLILFDOO\� ODEHOHG������

DQWL�1XS�QDQRERGLHV��������

�D��67250� LPDJH�RI� DQ� HQWLUH�;/����FHOO� QXFOHXV� VWDLQHG�ZLWK� DQWL�1XS���QDQRERG\������

73����FDUU\LQJ�D�VLQJOH�1�WHUPLQDO�$OH[D�)OXRU�����PDOHLPLGH�������

�E�� &ORVH�XS� YLHZ� RI� ;/���� FHOO� QXFOHDU� HQYHORSH� UHJLRQV� VWDLQHG� ZLWK� DQWL�1XS��������

QDQRERG\� 73���� �XSSHU� SDQHO�� RU� DQ� DQWL�1XS���� QDQRERG\� �ORZHU� SDQHO�� FRQWDLQLQJ������

PXOWLSOH�QXFOHDU�SRUH�FRPSOH[HV�������

�F��67250�LPDJHV�RI�LQGLYLGXDO�13&V�VWDLQHG�ZLWK�LQGLFDWHG�DQWL�1XS�QDQRERGLHV�������

������
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)LJXUH���������

5DSLG�HSLWRSH�PDSSLQJ�YLD�FURVVOLQNLQJ�PDVV�VSHFWURPHWU\��������

�D��&URVVOLQNLQJ�RI� WZR�GLIIHUHQW�DQWL�1XS���QDQRERGLHV� �73����DQG�73����� WR�1XS��������

XVLQJ�DPLQH�WR�DPLQH� ��%LV�1+6���%6��������c� OLQNHU� OHQJWK��RU� WKLRO�WR�DPLQH� ��0DO������

1+6���%036������c� OLQNHU� OHQJWK�� FURVVOLQNLQJ� UHDJHQWV��7KH�FRPELQDWLRQ�RI� WKH�YHU\������

VKRUW�0DO�1+6�FURVVOLQNHU�ZLWK�DQ�HQJLQHHUHG�F\VWHLQH�FORVH�WR�WKH�DQWLJHQ�ELQGLQJ�ORRSV������

SURYLGHG� IRU� ERWK� QDQRERGLHV� E\� IDU� WKH� KLJKHVW� \LHOG� RI� FURVVOLQNHG� QDQRERG\y1XS��������

DGGXFW�������

�E�� /LVW� RI� LGHQWLILHG� FURVVOLQNHG� SHSWLGHV� LQYROYLQJ�1XS��� O\VLQHV� DQG� &\V�73���� RU������

&\V�73����� 7KH� FURVVOLQNHG� DPLQR� DFLGV� DUH� KLJKOLJKWHG� LQ� UHG� �VHH� DOVR� )LJXUH� �� �������

ILJXUH�VXSSOHPHQW����������

�F��&URVVOLQNHG� O\VLQHV�RI�1XS��� WR� WKH�1�WHUPLQDO� F\VWHLQH�RQ�DQWL�1XS���QDQRERGLHV������

73�����UHG��RU�73�����EOXH��DUH�GHSLFWHG�RQ�D�VWUXFWXUDO�PRGHO�RI�1XS������HQG�JHQHUDWHG������

E\� ,�7$66(5� �=KDQJ�� �������%DVHG� RQ� WKH� RUWKRORJRXV� \HDVW� FU\VWDO� VWUXFWXUHV� �-HXG\������

DQG�6FKZDUW]��������6FKUDGHU�HW�DO����������1XS���LV�SUHGLFWHG�WR�IRUP�D�VLPLODU�-�VKDSHG������

VWUXFWXUH� �FRORU� JUDGLHQW�� 17�  � 1�WHUPLQXV� LQ� EOXH� WR� &7�  � &�WHUPLQXV� LQ� RUDQJH��������

:KHUHDV�73����ELQGV�WR�WKH�FHQWUDO�SRUWLRQ��73����ELQGV�WR�WKH�&�WHUPLQXV�RI�1XS���������

������

)LJXUH���±�ILJXUH�VXSSOHPHQW���������

5HSUHVHQWDWLYH� 06�06� VSHFWUD� RI� WKH� FURVVOLQNHG� SHSWLGHV� GHULYHG� IURP������

1XS��yQDQRERG\�FRPSOH[HV��7KH�VSHFWUD�ZLWK� WKH�EHVW�S/LQN�VFRUH�DUH�VKRZQ�IRU� WKH������

FURVVOLQNV�EHWZHHQ���D��73����&\V����1XS���/\V������E��73����&\V����1XS���/\V����������
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a bNegative stain EM Selected class averages of Nup93�1XS188 and Nup93�Nup205 complexes

50 nm 15 nmNup93 Nup188/Nup205

Figure 3., Pleiner et al.
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Figure 7., Pleiner et al.
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