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& 1#3,-P& & D@XCDAA&
& 1$%,03&\7'(-P&j>ND.DDD&
&
& _$3;,P& & U#3$*'#;&<$*4,($0#;&])Y&!,'3,%&
& G*7%0,P& UJS&RUJ<J<T&
& Y*;,P& & !*MJ'9,-3$=#3*%.&Q--*0$#3,&1$%,03*%.&G,%9$0,&1$%,03*%&R)EJE&fE&GE&S/(,T&
& 1#3,-P& & BXCDDN&M&>XCDA>&
& 1$%,03&\7'(-P&j>.@DD.DDD&
&
& _$3;,P& & !*7;(&#'&in	Vitro&G2,03%*I$',3$0&)%$*'M!*22,%&<$'($'=&Q--#/&)%,($03&&
& & & U,7%*(,=,',%#3$*'k&
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& Y*;,P& & )EJE&
& 1#3,-P& & KXCDDO&M&BXCDAD&
& 1$%,03&\7'(-P&j?K.DDD&
&
& _$3;,P& & U#3$*'#;&<$*4,($0#;&])Y&!,'3,%&
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AE S*H,-.&<E1E.&<]UU]__.&<E
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A>E <]UU]__.&<EP&1$'70;,#%&5,3#;;*#4$'*2,23$(#-,-P&G7F-3$373,(&5,3#;&J*'-&#-&G3%7037%#;&
#'(&5,0"#'$-3$0&)%*F,-E&Invited	Speaker.&K3"&:*%I-"*2&*'&])Y&Q22;$0#3$*'-&$'&<$*;*=/&
#'(&5,($0$',E&V%#I*qH.&)*;#'(.&ADXCXCDDA&

ABE V#;/#'#%#4#'.&<E.&f*-,2".&fE.&<]UU]__.&<E.&V*'*%,9.&]E&QE&J'"$F$3$*'&*+&1*W*%7F$0$'M
J'(70,(!#%($*4/*0/3,&Q2*23*-$-&F/&5,3#;;*2*%2"/%$'-P&J-&J3&17,&3*&YZG&G0#9,'=$'=&*%&
S-2&J'(703$*'k&N3"&Q''7#;&5,,3$'=&*+&3",&ZW/=,'&G*0$,3/.&Y,-,#%0"&_%$#'=;,&)#%I.&U!.&
AAXA@XCDDA&M&AAXAOXCDDA&

AKE <]UU]__.&<E.&V74#%.&QE.&V#;/#'#%#4#'.&<E.&V*3#4%#g7.&GE&#'(&f*-,2".&fEP&
5,3#;;*2*%2"/%$'-&#-&Q'3$*W$(#'3-&Q=#$'-3&Q2*23*-$-&J'(70,(&F/&3",&Q'3$M!#'0,%&1%7=&
1*W*%7F$0$'E&a*%(*'&Y,-,#%0"&!*'+,%,'0,&*'&5,3#;-&$'&<$*;*=/.&m,'37%#.&!Q.&
AXCDXCDDC&M&AXCKXCDDC&

A@E <]UU]__.&<E.&Q'3"*;$',.&:EQE.&1b-*7e#.&mE5E.&!",'.&aE.&8-3/'/7I.&^E&#'(&S*;e.&YE!EP&.&
J'+*%4#3$*'&*'&3",&1,3,%4$'#'3-&*+&Q03$9$3/&$'&Q4$'*2,23$(#-,-&+%*4&])Y&
G2,03%*-0*2/&*+&3",&S/2,%#03$9,&!*22,%MG7F-3$373,(&Q4$'*2,23$(#-,&+%*4&Q,%*4*'#-&
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5,3"*W$(,&#'(&S/(%*W$(,&!*42;,W,-E&CC?3"&Q4,%$0#'&!",4$0#;&G*0$,3/&U#3$*'#;&
5,,3$'=.&Q'#",$4.&!Q.&>XCNXCDDB&M&BXAXCDDB&

C@E <]UU]__.&<EP&Q&)"/-$*;*=$0#;&Y*;,&+*%&3",&^*H&)*3,'3$#;&J%*'MG7;+7%&!;7-3,%-&*+&]E&0*;$&
U$3%#3,&Y,(703#-,E&Invited	Speaker.&KO3"&U*%3"H,-3,%'XAN3"&Y*0I/&5*7'3#$'&
Q4,%$0#'&!",4$0#;&G*0$,3/&Y,=$*'#;&5,,3$'=.&^*=#'.&8_.&@X?XCDDB&M&@XNXCDDB&

C?E S*;e.&YE!E.&!*2$I.&QEfE.&:#3,%-*'.&GE&#'(&<]UU]__.&<EP&<*3"&U70;,*2"$;,&#'(&G7F-3%#3,&
<$'(&3*&3",&!#3#;/3$0&\,RJJTM!,'3,%&$'&3",&_/2,MJJ&5,3"$*'/;&Q4$'*2,23$(#-,&+%*4&
)/%*0*007-&+7%$*-7-E&KO3"&U*%3"H,-3,%'XAN3"&Y*0I/&5*7'3#$'&Q4,%$0#'&!",4$0#;&
G*0$,3/.&^*=#'.&8_.&@X?XCDDB&M&@XNXCDDB&

CNE _7FF-.&VEfE.&Ge#g'#.&]E.&<]UU]__.&<E.&Q%$+.&QE5E.&:#3I$'-.&YE&#'(&<,%%,#7.&^E5EP&G/'3",-$-.&
G3%7037%#;&#'(&G2,03%*-0*2$0&G37($,-&*+&5*'*'70;,#%&U3GM;$=#3,(&!*RJJT&5,3"*W$(,&#'(&
S/(%*W$(,&!*42;,W,-E&KO3"&U*%3"H,-3,%'XAN3"&Y*0I/&5*7'3#$'&Q4,%$0#'&!",4$0#;&
G*0$,3/&Y,=$*'#;&5,,3$'=.&^*=#'.&8_.&@X?XCDDB&M&@XNXCDDB&
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KCE <]UU]__.&<E.&V*H#;-I$.&fE5E.&V$33,;;.&QE:E.&V#;/#'#%#4#'.&<E.&G$(#F%#-.&fE:E.&!#4,'$-".&
_E!E.&Y#3I,.&fEfE.&S/(,.&fEGE&.&])Y&Q22%*#0",-&+*%&<$*4,($0$',&#3&3",&U#3$*'#;&<$*4,($0#;&
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@@E <]UU]__.&<EP&J'+,03$*'.&!#'0,%.&QJ1G&#'(&];,03%*'&)#%#4#=',3$0&Y,-*'#'0,&
G2,03%*-0*2/E&J'9$3,(&^,037%,.&1,2#%34,'3&*+&)"/-$0-.&a%$'',;;&!*;;,=,.&a%$'',;;.&JQ.&
D>XDCXCDDB&
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NCE <]UU]__.&<EP&!*4273#3$*'#;&Q-2,03-&*+&<$*4,($0#;&];,03%*'&)#%#4#=',3$0&RG2$'T&
Y,-*'#'0,E&J'9$3,(&^,037%,.&5$;H#7I,,&!*4273#3$*'#;&G/42*-$74.&5#%67,33,&
8'$9,%-$3/.&5$;H#7I,,.&:J.&DKXCAXCDAK&

N>E <]UU]__.&<EP&c,-.&:,&S#9,&U*&Q'3$F$*3$0-w&<$*2"/-$0#;&G37($,-&*'&Q'3$F#03,%$#;&_#%=,3&
)%*3,$'-E&J'9$3,(&^,037%,.&a%#(7#3,&G,4$'#%&G,%$,-&$'&<$*2"/-$0-.&5,($0#;&!*;;,=,&*+&
:$-0*'-$'.&5$;H#7I,,.&:J.&DKXCBXCDAK&

NBE <]UU]__.&<EP&!%/*=,'$0&])Y&+*%&1$#='*-$-&#'(&5,0"#'$-3$0&!"#%#03,%$e#3$*'&*+&
5$3*0"*'(%$#;&1/-+7'03$*'&#'(&1$-,#-,E&J'9$3,(&^,037%,.&G/42*-$74&*'&J42%*9$'=&1%7=&
1,9,;*24,'3&_"%*7="&<$*2"/-$0-.&5$;H#7I,,&G0"**;&*+&]'=$',,%$'=.&5$;H#7I,,.&:J.&
D>XACXCDA@&

NKE <]UU]__.&<EP&];,03%*'&)#%#4#=',3$0&Y,-*'#'0,&#'(&5$3*0"*'(%$#;&1$-,#-,E&J'9$3,(&
^,037%,.&J'3,%($-0$2;$'#%/&G,4$'#%&G,%$,-.&8'$9,%-$3/&*+&:$-0*'-$'M:"$3,H#3,%.&
:"$3,H#3,%.&:J.&ADXCAXCDA@&

N@E <]UU]__.&<EP&d7#'3$3#3$9,&J'+*%4#3$*'&*'&5$3*0"*'(%$#;&G3#37-&+%*4&])Y&*+&\;#-"M
\%*e,'&<$*;*=$0#;&5#3,%$#;E&J'9$3,(&^,037%,.&a%#(7#3,&G,4$'#%&G,%$,-&$'&<$*2"/-$0-.&
5,($0#;&!*;;,=,&*+&:$-0*'-$'.&5$;H#7I,,.&:J.&DAXA>XCDA?&

N?E <]UU]__.&<EP&_%,#34,'3MJ'(70,(&5$3*0"*'(%$#;&G3%,--&1,3,03,(&F/&^*HM_,42,%#37%,&
])YE&J'9$3,(&)%*g,03&)%,-,'3#3$*'.&58&#'(&5!:&!#'0,%&!,'3,%&G/42*-$74.&5#%67,33,&
8'$9,%-$3/.&5$;H#7I,,.&:J.&AAXA?XCDA?&

NNE <]UU]__.&<EP&^*HM_,42,%#37%,&])Y&_%#$'$'=&:*%I-"*2&+*%&5$;H#7I,,&Q%,#&
G0$,'3$-3-.&5#%67,33,&8'$9,%-$3/.&5$;H#7I,,.&:J.&DKXCOXCDAN&M&D@XDAXCDAN&

NOE <]UU]__.&<EP&!;$'$0#;&Q22;$0#3$*'-&*+&];,03%*'&)#%#4#=',3$0&Y,-*'#'0,E&J'9$3,(&
^,037%,.&!;$'$0#;&#'(&_%#'-;#3$*'#;&G0$,'0,-&J'-3$373,&*+&G*73",#-3,%'&:$-0*'-$'.&
ADXANXCDAN&

ODE <]UU]__.&<EP&<$*4,($0#;.&_%#'-;#3$*'#;.&#'(&!;$'$0#;&Q22;$0#3$*'-&*+&m,%/M^*HM
_,42,%#37%,&])YP&:"#3.&:"/.&S*H.&#'(&:",%,&U,W3k&J'9$3,(&^,037%,.&a%#(7#3,&
G,4$'#%&G,%$,-&$'&<$*2"/-$0-.&5,($0#;&!*;;,=,&*+&:$-0*'-$'.&5$;H#7I,,.&:J.&
ACXABXCDAN&

OAE <]UU]__.&<E.&G#'(,%-.&fE.&_$42,.&fE.&5#.&rE&]++,03&*+&G3,%$;$e#3$*'&#'(&Y,M8-,&*'&J'3,=%$3/&
*+&UOK&Y,-2$%#3*%-E&5#%67,33,&!*9$(MAO&Y,-,#%0"&J'$3$#3$9,E&5#%67,33,&8'$9,%-$3/.&
D@XC>XCDCDE&

	
PRESENTATIONS:	3.	
Intramural	Seminars,	2002	-	present:	
OCE <]UU]__.&<EP&G3%7037%#;&#'(&5,0"#'$-3$0&J'+*%4#3$*'&+%*4&];,03%*'&)#%#4#=',3$0&

Y,-*'#'0,&R])YT&G2,03%*-0*2/&*+&5,3#;;*,'e/4,-P&G37($,-&*+&#&)%*3*3/2$0#;&
Q4$'*2,23$(#-,E&<$*0",4$-3%/&)%*=%#4&G,4$'#%.&5!:.&AAXCDXCDDC&

O>E <]UU]__.&<EP&Q&!;#'&5S&Q4$'*2,23$(#-,&+%*4&m$F%$*&2%*3,*;/3$07-E&<$*2"/-$0-&
G,4$'#%&G,%$,-.&&AX .&

NBE 
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7.&&&G,#%-.&SE&fE.&<,'',33.&<E.&G2$%*.&GE.&_"*4-*'.&QE&fE&#'(&xY$0"#%(-*'.&1E&fEP&J(,'3$+$0#3$*'&*+&
2,%$2;#-4$0&'$3%#3,&%,(703#-,&5*RmT&,;,03%*'&2#%#4#=',3$0&%,-*'#'0,&-$='#;-&$'&$'3#03&
0,;;-&*+&Paracoccus	denitrificansE&<$*0",4E&fE&>ADP>AAM>AB.&AOOKE&

8.&&&<,'',33.&<E.&a%7,%.&5E&fE.&xa7,-3.&fE&YE&#'(&x_"*4-*'.&QE&fEP&G2,03%*-0*2$0&0"#%#03,%$-#3$*'&
*+&#'&#0*'$3#-,&RQ0'QT&*+&Escherichia	coliE&]7%E&fE&<$*0",4E&C>>P>A?M>C@.&AOOKE&

9.&& S*H,-.& <E& 1E.& x<%#/.& YE& !E.& Y$0"#%(-.& YE& ^E.& _7%',%.& UE& QE.& <,'',33.& <E& #'(& x^*H,.& 1E&
fEP&&]9$(,'0,&+#9*%$'=&4*;/F(,'74M0#%F*'&F*'(&+*%4#3$*'&$'&W#'3"$',&*W$(#-,&#03$*'P&
A?ZM&#'(&A>!M]U1ZY&#'(&I$',3$0&-37($,-E&<$*0",4$-3%/&>KPAB>CMABB>.&AOO@E&

10.&& &a%,,'.& fE.& <,'',33.& <E.& f*%(#'.& )E.& Y#;2".& ]E& _E.& x_"*4-*'.& QE& fE& #'(& xa7,-3.& fE& YEP&
Y,0*'-3$373$*'& *+& 3",& oB\,MBGp& 0;7-3,%& $'& \UY& #'(& (,4*'-3%#3$*'& *+& 3",& #,%*F$0M
#'#,%*F$0&3%#'-0%$23$*'&-H$30"&$'&9$3%*E&<$*0",4E&fE&>A@PNN?MNOC.&AOO@E&

11.&& <,'',33.& <E.& !"#%'*0I.& fE& 5E.& G,#%-.& SE& fE.& <,%I-.& <E& !E.& _"*4-*'.& QE& fE.& \,%=7-*'.& GE& fE.&
xa#%',%.&!E&1E&#'(&xY$0"#%(-*'.&1E&fEP&&G3%7037%#;&$'9,-3$=#3$*'&*+&3",&4*;/F(,'74&-$3,&*+&
3",&2,%$2;#-4$0&'$3%#3,&%,(703#-,&+%*4&Thiosphaera	pantotropha&F/&rM%#/&#F-*%23$*'&
-2,03%*-0*2/E&<$*0",4E&fE&>A?PKK?MK@N.&AOO@E&

12.& &<,'',33.&<E& #'(& xS*;e.&YE& !EP& &])Y& -37($,-&*'& 3",&4*'*M& #'(&($0*F#;3RJJT& -7F-3$373,(&
+*%4-& *+& 3",& #4$'*2,23$(#-,& +%*4& Aeromonas	 proteolyticaE& J'-$="3& $'3*& 3",& 0#3#;/3$0&
4,0"#'$-4&*+&($'70;,#%&"/(%*;#-,-E&fE&Q4E&!",4E&G*0E&AAOPAOC>MAO>>.&AOO?E&

13.&&& <,'',33.& <E& #'(& xS*;e.& YE& !EP& &G2,03%*-0*2$0#;;/& 1$-3$'03& !*F#;3RJJT& G$3,-& $'&
S,3,%*($4,3#;;$0& \*%4-& *+& 3",& Q4$'*2,23$(#-,& +%*4& Aeromonas	
proteolyticaP&!"#%#03,%$e#3$*'&*+&G7F-3%#3,&<$'($'=E&<$*0",4$-3%/&>@PON>?MONB@.&AOO?E&

14.&& xS*;e.& YE& !E.& <%#(-"#H.& fE& 5E& #'(& <,'',33.& <EP& G/'3",-$-.& 5*;,07;#%& G3%7037%,& #'(&
Y,#03$9$3/& *+& 1$'70;,#%& !*22,%& JJ& !*42;,W,-& H$3"& !#%F*W/;#3,MY$0"& !**%($'#3$*'&
]'9$%*'4,'3-E&&J'*%=E&!",4E&>?PACAOMACCK.&AOONE&

15.&&xS*;e.&YE&!E.&<,'',33.&<E.&!",'.&aE&!E&#'(&
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-*;73$*'&2%*2,%3$,-&*+&U3GM;$=#3,(&0*22,%RJJT&0*42;,W,-E&1#;3*'&_%#'-E&RAKTP>AAAM>AA@.&
CDD>E&

31.&&_7FF-.&VEfE.&\7;;,%.&QE^E.&&<,'',33.&<E&#'(&x<,%%,#7.&^E5E&&5*'*'70;,#%&U3GR3"$*,3",%TM
^$=#3,(&!*22,%RJJT&5,3"*W$(,&!*42;,W,-P&G/'3",-$-.&!"#%#03,%$e#3$*'.&#'(&S/(%*;/3$0&
Y,#03$9$3/E&J'*%=E&!",4E&BCPB?ODMB?OA.&CDD>E&

32.&& &<$,'9,'7,.& 1E^E.& a$;',%.& 1E5E.& 1#9$-.& YEGE.& <,'',33.& <E& #'(& xS*;e.& YE!E&& G7F-3%#3,&
G2,0$+$0$3/.&5,3#;&<$'($'=&)%*2,%3$,-.&#'(&G2,03%*-0*2$0&!"#%#03,%$e#3$*'&*+&3",&1#2]M
]'0*(,(& NMG700$'/;M^.^M1$#4$'*2$4,;$0& Q0$(& 1,-700$'/;#-,& +%*4& Haemophilus	
influenzaeE&<$*0",4$-3%/&BCPAD?K@MAD?@>.&CDD>E&

33.&&_7FF-.&VEfE.&Ge#g'#.&]E.&<,'',33.&<E.&S#;+,'.&fEQE.&:#3I$'-.&YE.&Q%$+.&QE5E&#'(&x<,%%,#7.&^E5EP&
5*'*'70;,#%&U$3%*=,'XG7;+7%M^$=#3,(&!*F#;3RJJT&5,3"*W$(,&!*42;,W,-P&G3%7037%#;.&])Y.&
)#%#4#=',3$0& 1S&U5Y.& #'(&];,03%*0",4$0#;& J'9,-3$=#3$*'-E&1#;3*'&_%#'-E& RA@TPC>ONM
C>OO.&CDDBE&

34.&& G3#42,%.& !E!E.& <$,'9,'7,.& 1E^E.& <,'',33.& <E.& Y$'=,.& 1E.& x),3-I*.& aEQE& #'(& xS*;e.& YE!EP&
G2,03%*-0*2$0& #'(& rM%#/& !%/-3#;;*=%#2"$0& !"#%#03,%$e#3$*'& *+& <,-3#3$'& <*7'(& 3*& 3",&
Q4$'*2,23$(#-,& +%*4& Aeromonas	 (Vibrio)	 proteolyticaE&& <$*0",4$-3%/& B>PO@CDMO@CN.&
CDDBE&

35.&&1$'#I#%2#'($#'.&1E.&5*%%$--,33,.&mE.&!"#7("#%/.&GE.&Q4$'$.&VE.&<,'',33.&<E&#'(&xm#'&S*%'.&
fE&1EP&&Q'&$'+*%4#3$0-&-,#%0"&+*%&3",&;*HM4*;,07;#%&H,$="3&0"%*4$74MF$'($'=&2,23$(,E&
<5!&!",4E&<$*;E&BPC.&CDDBE&

36.&&1b-*7e#.&mE5E.&<%*H'.&YEGE.&<,'',33.&<E&#'(&xS*;e.&YE!EP&&!"#%#03,%$e#3$*'&*+&3",&#03$9,&
-$3,&#'(&$'-$="3&$'3*&3",&F$'($'=&4*(,&*+&3",&#'3$M#'=$*=,',-$-&#=,'3&+74#=$;;$'&3*&3",&
4#'=#',-,RJJTM;*#(,(&4,3"$*'/;& #4$'*2,23$(#-,& +%*4&Escherichia	 coliE& fE&<$*;E& J'*%=E&
!",4E&ADPBAMKD.&CDDKE&

37.&& &!*2$I.&QEfE.&U*0,I.&<E)E.&GH$,%0e,I.&GEJE.&Y7,F7-".&GE.&f#'=.&GE<E.&5,'=.&^E.&1b-*7e#.&mE5E.&
),3,%-.&fE:E.&<,'',33.&<E&#'(&xS*;e.&YE!EP&])Y&#'(&rM%#/&!%/-3#;;*=%#2"$0&!"#%#03,%$e#3$*'&
*+& 3",& )%*(703M<*7'(& \*%4& *+& 3",& 5'IIM^*#(,(& 5,3"$*'/;& Q4$'*2,23$(#-,& +%*4&
Pyrococcus	furiosusE&<$*0",4$-3%/&BBPACAMACO.&CDDKE&

38.&& &a#%%$3/.& fE1E.& x<,'',33.& <E& #'(& x!%*H(,%.& 5E:EP& 1$%,03& ]9$(,'0,& _"#3& 3",& Y,#03$*'&
J'3,%4,($#3,&*+&5,3#;;*MF,3#M;#03#4#-,&̂ A&$-&5,3#;&<*7'(E&<$*0",4$-3%/&BBPAD?NMADN?.&
CDDKE&

39.&&&
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CNDPAAD?BMAADNA.&CDDKE&

42.&!"#33*2#("/#/.&5E.&:#;3,%.&]E&1E.&U,H,;;.&1E&fE.&f#0I-*'.&)E&fE.&Q%*'*++MG2,'0,%.&]E.&),$-#0".&
fE.&a,%+,'.&aE&fE.&<,'',33.&<E.&Q'3"*;$',.&:E&]E.&x5$;;"#7-,%.&aE&^EP&&_",&Z03#%,2,#3&1*4#$'&
*+&3",&)%$*'&)%*3,$'&<$'(-&!7RJJT&H$3"&_"%,,&1$-3$'03&!**%($'#3$*'&5*(,-&#3&2S&?EBE&fE&
Q4&!",4E&G*0E&AC?PAC@B?MAC@K@.&CDDKE&

43.&&<e/4,I.&VE&)E.&5*7;$'.&QE.&GH$,%0e,I.&GE&JE.&xY$'=,.&1E.&x),3-I*.&aE&QE.&x<,'',33.&<E.&xS*;e.&
YE& !EP& V$',3$0.& G2,03%*-0*2$0.& #'(& rM%#/& !%/-3#;;*=%#2"$0& !"#%#03,%$e#3$*'& *+& 3",&
\7'03$*'#;& ]AKAS& Q4$'*2,23$(#-,& +%*4& Aeromonas	 proteolyticaE& <$*0",4$-3%/&
BBPACD>DMACDBD.&CDDKE&

44.&& &50a%,=*%.&:E&!E.&GH$,%0e,I.&GE&JE.&x<,'',33.&<E.&xS*;e.&YE&!EP&argEM]'0*(,(&UMQ0,3/;M^M
Z%'$3"$',&1,#0,3/;#-,&+%*4&Escherichia	coli	
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0#3#;/3$0#;;/&#03$9,&5'RJJTM;*#(,(&#%=]M,'0*(,(&UM#0,3/;M^M*%'$3"$',&(,#0,3/;#-,&+%*4&
Escherichia	coliE&fE&<$*;E&J'*%=E&!",4E&ACP&@D>M@A>.&CDD?&

&
53.&&^;#%%7;;.&^E&JE.&\#F$#',.&GE&5E.&V*H#;-I$.&fE&5E.&<,'',33.&<E.&G733*'.&<E.&xm$;#.&QE&fEP&Q-2MACD&

^*0#3,-&s'C&+*%&Z23$4#;&5,3#;;*MbM^#03#4#-,&Q03$9$3/E&fE&<$*;E&!",4E&CNCP&ANC?@MANCNK.&
CDD?&

&
54.& &5*%{'M<#%%$*.& fE.& a*'e{;,e.& fE
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63.	5*%$'.&_E& fE.& <,'',33.&<E.& ^$'(,4#'.& GE&mE.& xa#%($'$,%.& fE&YE& \$%-3MY*H&_%#'-$3$*'&5,3#;&

!*42;,W,-& *+& #& U,H& ),'3#(,'3#3,& ^$=#'(.& }.}.}v.}v& _,3%#R2/%#e*;/;T;73$($',E& J'*%=&
!",4&B?P&?B@NM?B?D.&CDDN&

	
64.	S*;(*%+.&5E&5E.&<,'',33.&<E.&x!%*H(,%.&5E&:E.&x5#I#%*++.&!E&QE&G2,03%*-0*2$0&-37($,-&*'&

Arabidopsis&]_S]A.&#&=;/*W#;#-,&JJM;$I,&2%*3,$'E&f&J'*%=&<$*0",4&ADCP&ANCKMAN>D.&CDDN&
	
65.	:#33,%-*'.&GE.&5$3%#.&GE.&GH$,%0e,I.&GEJE.&x<,'',33.&<E.&xS*;e.&YE!E&V$',3$0&#'(&G2,03%*-0*2$0&

Q'#;/-$-& *+& 3",& !#3#;/3$0& Y*;,& *+& S?O& $'& 3",& 5,3"$*'$',& Q4$'*2,23$(#-,& +%*4&
Escherichia	coliE&<$*0",4$-3%/&B?P&AANNKMAANO>.&CDDN&

	
66.	S7.&sE.&),%$/#''#'.&aE.& x<,'',33.&<E.& x!%*H(,%.&5E:E&Y*;,&*+& 3",&s'A&#'(&s'C&-$3,-& $'&

5,3#;;*MF,3#M;#03#4#-,&^AE&f&Q4&!",4&G*0E&A>DP&ABCD?MABCA@.&CDDN&
&
67.&5$3%#.&GE.&f*F.&VE&5E.&5,'=.&̂ E.&<,'',33.&<E.&xS*;e.&YE&!E&Q'#;/e$'=&3",&0#3#;/3$0&%*;,&*+&Q-2O?&

$'&3",&4,3"$*'$',&#4$'*2,23$(#-,&+%*4&Escherichia	coliE&\]<G&fE&C?KP&@CBNM@CKO.&CDDN&
	
68.	a$;;',%.&1E5E.&<$,'9,'7,.&1E^E.&U*0,I.&<E)E.&f*#0"$4$#I.&QE.&s#0"#%/E&mE.&<,'',33.&<E.&xS*;e.&

YE!E& _",& (#2]M,'0*(,(& UM-700$'/;M^P& .^P& M($#4$'*2$4,;$0& #0$(& (,-700$'/;#-,& +%*4&
Haemophilus	 influenzae&0*'3#$'-&3H*&#03$9,M-$3,&"$-3$($',&%,-$(7,-E& f&<$*;&J'*%=&!",4&
ABP&AMAD.&CDDO&

&
69.	^$42"*'=.&)E.&x!%*H(,%.&5E&:E.&<,'',33.&<E.&5#I#%*++.&!E&QE&Arabidopsis	thaliana	a^rCMA&

0*'3#$'-&#&($'70;,#%&4,3#;&F$'($'=&-$3,&F73&$-&'*3&#&=;/*W#;#-,&CE&<$*0",4&f&BA?P&>C>M
>>D.&CDDO&

&
70.&5$3%#.& GE.& <,'',33.& <E.& xS*;e.& YE& !E& 573#3$*'& *+& S@>& #'(& $3-& 0#3#;/3$0& #++,03& *'& 3",&

4,3"$*'$',&#4$'*2,23$(#-,& +%*4&Escherichia	coliE&<$*0"$4E&<$*2"/-E&Q03#&A?OB.&A>?M
AB>.&CDDO&

&
71.	5$3%#.&GE.&G",22#%(.&aE.&:#'=.&fE.&<,'',33.&<E.&xS*;e.&YE&!E&Q'#;/e$'=&3",&<$'($'=&*+&!*RJJTM

G2,0$+$0& J'"$F$3*%-& 3*& 3",& 5,3"$*'/;& Q4$'*2,23$(#-,-& +%*4& Escherichia	 coli& #'(&
Pyrococcus	furiosussE&fE&<$*;E&J'*%=E&!",4E&AB.&K?>MKNK.&CDDO&

&
72.	 Zb_**;,.& 5E& aE.& <,'',33.& <E.& 5#-"73#.& 5E& GE.& xa%#22,%"#7-.& !E& QE& G7F-3%#3,& <$'($'=&

)%,+,%,'0,-&#'(&2Ka&1,3,%4$'#3$*'-&*+&#&U$3%$;,&S/(%#3#-,&5*(,;&!*42;,WP&m#%$#F;,&
G*;9,'3&!**%($'#3$*'&3*&oRF442M_QGUT\,pZ_+E&J'*%=E&!",4E&BN.&C>DDMC>DN.&CDDO&

&
73E& S#%3;,/.& 5E& #'(& x<,'',33.& <E& S,3,%*;*=*7-& ,W2%,--$*'& #'(& 27%$+$0#3$*'& *+& m$F%$*&

2%*3,*;/3$07-&RQ,%*4*'#-&2%*3,*;/3$0#T&#4$'*2,23$(#-,P&#&%#2$(&2%*3*0*;E&)%*3E&)7%$+E&
]W2%E&@@.P&OAMADA.&CDDO&&

&&
74E&xS/(,.&fE&GE.&<,'',33.&<E.&:#;3,%.&]E&1E.&5$;;"#7-,%.&aE&^E.&G$(#F%#-.&fE&:E.&Q'3"*;$',.&:E&QE&

)%$*'&)%*3,$'&!*'-3%703-&#3&CED&aSeP&8-$'=&3",&=M
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&&
75E& S7.& sE.& G2#(#+*%#.& ^E& fE.& S#g($'.& !E& ]E.& <,'',33.& <E.& x!%*H(,%.& 5E& :E& G3%7037%,& #'(&

5,0"#'$-4&*+&!*22,%M&#'(&U$0I,;MG7F-3$373,(&Q'#;*=7,-&*+&5,3#;;*MF,3#M;#03#4#-,&^AE&
<$*0",4$-3%/&BNP&CONAMCONO.&CDDO&&

&&
76E&^$42"*'=.&)E.&50V$'',/.&YE&5E.&Q(#4-.&UE&]E.&<,'',33.&<E.&5#I#%*++.&!E&QE.&a7'#-,I,%#.&_E.&

x!%*H(,%.&5E&:E&S74#'&a;/*W#;#-,&JJ&!*'3#$'-&#'&\,RJJTs'RJJT&!,'3,%&F73&$-&Q03$9,&#-&#&
5*'*'70;,#%&s'RJJT&]'e/4,E&<$*0",4$-3%/.&BNP&KBC@MKB>B.&CDDO&&

&&
77E&<%,,0,.&YE&5E.&S7.&sE.&x<,'',33.&<E.&x!%*H(,%.&5E&:E.&x_$,%',/.&1E&̂ E&5*3$*'&*+&3",&s$'0&J*'-&

$'&!#3#;/-$-&F/&#&1$e$'0&5,3#;;*MM^#03#4#-,E&fE&Q4E&!",4E&G*0E&A>AP&AA@BCMAA@B>.&CDDO&&
&&
78E&S#HI.&5EfE.& <%,,0,.&YE5E.&S#g($'.& !E]E.& <,'(,%.&VE5E.&S7.& sE.& !*-3,;;*.& QE^E.& <,'',33.& <E.&

x_$,%',/.& 1E^E.&
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U,7%*(,=,',%#3$*'&$'&5$3*)#%I&_%#'-=,'$0&5$0,E&Q'3$*W$(E&Y,(*W&G$='#;E&C?.&ADBNM
AD@@.&CDA?E&

&
107E&x_%#'&!1.&5#I79#e#&f.&57'-*'&].&<,'',33&<E&<$*0*42#3$F;,&!*22,%&ZW$(,&U#'*2#%3$0;,&

!*42*-$3,-&+%*4&!,;;7;*-,&#'(&!"$3*-#'P&\#0$;,&G/'3",-$-.&8'$67,&G3%7037%,.&#'(&
Q'3$4$0%*F$#;&Q03$9$3/E&Q!G&Q22;E&5#3,%E&J'3,%+#0,-&O.&BCKD>MBCKAK.&CDA?E&

&
108.&x
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116.&^#'I#3"$;#I#&V):.&G3,$'&U.&xS*;e&Y!.&x<,'',33&<E&!,;;7;#%&4#37%#3$*'&*+&#'&$%*'M3/2,&
'$3%$;,&"/(%#3#-,&$'3,%%*=#3,(&7-$'=&])Y&-2,03%*-0*2/E&f&<$*;&J'*%=&!",4&CB.&AMO.&CDAOE&

&
117E&!",'=&a.&)#'&f.&)*(-$#(;/&Y.&s$,;*'I#&f.&a#%0,-&Q5.&1$#-&17#%3,&5#0"#(*&^a.&<,'',33&<.&

50Q;;$-3,%&1.&1H$',;;&5<.&c*7&5.&xV#;/#'#%#4#'&<E&J'0%,#-,(&+*%4#3$*'&*+&%,#03$9,&
*W/=,'&-2,0$,-&(7%$'=&374*%&=%*H3"P&]W&9$9*&;*HM3,42,%#37%,&])Y&#'(&$'&9$9*&
F$*;74$',-0,'0,&#'#;/-,-E&\%,,&Y#($0&<$*;&5,(E&AB?PA@?MA?B.&CDCDE&

&
118E&s"#'=&d.&!",'=&a.&)#'&f.&s$,;*'I#&f.&r$*'=&1.&5/,%-&!Y.&\,'=&^.&G"$'&GG.&V$4&cS.&<7$&1.&

S7&5.&<,'',33&<.&G0"4#$'(#&V.&:#'=&c.&V#;/#'#%#4#'&<.&xc*7&5E&5#='*;$#&,W3%#03&$-&
,++,03$9,&+*%&3",&0",4*2%,9,'3$*'&*+&*%#;&0#'0,%&3"%*7="&$3-&#F$;$3/&3*&$'"$F$3&
4$3*0"*'(%$#;&%,-2$%#3$*'&#3&0*42;2.0%%0Y22GY42&&
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2E&& x<,'',33.& <EP& ])Y& *+& !*RJJT& #-& #& -3



 



 

_______________________________________________________________________________________________      
!!"#$%&!"'&&'(()!*+,+                                            -%.'!2/!01!23!                                                          !!!!!!!!45()!6363 

&


