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a. Additional tables and figures	  

	  

!"#$% &%"" '()*+,-. !"#$% &%"" '()*+,-. !"#$% &%"" '()*+,-. !"#$% &%"" '()*+,-. !"#$% &%"" '()*+,-. !"#$% &%"" '()*+,-.
/ 01 23444/15 6 01 234457/8 1 01 234//9/1 7 01 234/::44 8 01 2346/485 5 01 234688:9
/ ,1 23444/1; 6 ,1 234457/: 1 ,1 234//967 7 ,1 234/::// 8 ,1 2346//6/ 5 ,1 23468894
/ <1 23444618 6 <1 23445766 1 <1 234//96: 7 <1 234/::5: 8 <1 2346//1/ 5 <1 23468897
/ (1 2344417: 6 (1 2344576: 1 (1 234//9:/ 7 (1 234/::;5 8 (1 2346//78 5 (1 234685/1
/ -1 234447/6 6 -1 2344571/ 1 -1 234/644/ 7 -1 234/:915 8 -1 2346/644 5 -1 234685/9
/ =1 23444754 6 =1 23445711 1 =1 234/6/8; 7 =1 234/:975 8 =1 2346616: 5 =1 23468585
/ >1 234447;6 6 >1 23445717 1 >1 234/6646 7 >1 234/:984 8 >1 234661;4 5 >1 23468;77
/ ?1 234447:4 6 ?1 23445718 1 ?1 234/6685 7 ?1 234/:981 8 ?1 234667:: 5 ?1 23468;75
/ 07 234447:/ 6 07 2344571; 1 07 234/66;: 7 07 234/:95/ 8 07 2346679/ 5 07 23468;86
/ ,7 234447:6 6 ,7 23445774 1 ,7 234/66;9 7 ,7 234/9179 8 ,7 234616;7 5 ,7 23468;81
/ <7 234447:8 6 <7 23445776 1 <7 234/66:4 7 <7 234/9894 8 <7 234617:1 5 <7 23468;8;
/ (7 234447:9 6 (7 2344577: 1 (7 234/66:1 7 (7 234/9899 8 (7 2346184/ 5 (7 23468998
/ -7 234445/4 6 -7 2344578/ 1 -7 234/6697 7 -7 234/957; 8 -7 23461848 5 -7 23468995
/ =7 234445/5 6 =7 23445786 1 =7 234/611; 7 =7 234/9;45 8 =7 234618/4 5 =7 23465657
/ >7 2344459/ 6 >7 23445788 1 >7 234/6119 7 >7 234/9;4; 8 >7 23467/78 5 >7 234656:5
/ ?7 23444;81 6 ?7 23445785 1 ?7 234/6171 7 ?7 234/9;64 8 ?7 23467/85 5 ?7 234656:9
/ 08 23444:5: 6 08 2344578: 1 08 234/6158 7 08 234/9;6; 8 08 23467/;8 5 08 2346569/
/ ,8 23444944 6 ,8 23445789 1 ,8 234/61;6 7 ,8 234/9;6: 8 ,8 23467647 5 ,8 23465696
/ <8 2344/46/ 6 <8 23445754 1 <8 234/61;5 7 <8 234/9;69 8 <8 23467648 5 <8 23465691
/ (8 2344/468 6 (8 2344575: 1 (8 234/6718 7 (8 234/9;15 8 (8 23467665 5 (8 23465695
/ -8 2344//49 6 -8 234457;6 1 -8 234/6771 7 -8 234/9;19 8 -8 2346766: 5 -8 23465144
/ =8 2344///6 6 =8 234457:6 1 =8 234/6758 7 =8 234/9;7; 8 =8 2346761/ 5 =8 23465776
/ >8 2344///1 6 >8 234457:5 1 >8 234/67:6 7 >8 234/9;85 8 >8 23467691 5 >8 2346578/
/ ?8 2344//81 6 ?8 23445797 1 ?8 234/6799 7 ?8 234/9;9; 8 ?8 2346769; 5 ?8 23465754
/ 05 2344//9/ 6 05 23445841 1 05 234/6877 7 05 234/9:69 8 05 2346769: 5 05 2346575/
/ ,5 2344/5/8 6 ,5 234458/6 1 ,5 234/68;7 7 ,5 234/9:14 8 ,5 23467699 5 ,5 2346588;
/ <5 2344/5;4 6 <5 234458/: 1 <5 234/657/ 7 <5 234/9:7: 8 <5 23467144 5 <5 23465857
/ (5 2344/;55 6 (5 23445864 1 (5 234/6:46 7 (5 234/9:;: 8 (5 23467141 5 (5 234658;;
/ -5 234467:6 6 -5 23445874 1 -5 234/6:4; 7 -5 234/9::7 8 -5 234671// 5 -5 23465899
/ =5 234467:8 6 =5 23445878 1 =5 234/6:/7 7 =5 234/99/9 8 =5 234671/1 5 =5 23465555
/ >5 23446548 6 >5 23445894 1 >5 234/6:/5 7 >5 234/9964 8 >5 234671/7 5 >5 23465;:7
/ ?5 23446:67 6 ?5 23445518 1 ?5 234/6:64 7 ?5 234/9961 8 ?5 234671/: 5 ?5 23465:/:
/ 0; 234414/7 6 0; 23445;:4 1 0; 234/6:68 7 0; 234/9967 8 0; 23467161 5 0; 23465989
/ ,; 23441//4 6 ,; 23445:48 1 ,; 234/14;; 7 ,; 234/9974 8 ,; 23467111 5 ,; 234659;8
/ <; 23441/7: 6 <; 23445961 1 <; 234/166; 7 <; 234/9978 8 <; 23467117 5 <; 2346;4/7
/ (; 23441641 6 (; 2344;415 1 (; 234/1155 7 (; 234/9957 8 (; 23467118 5 (; 2346;/47
/ -; 2344164; 6 -; 2344;/14 1 -; 234/1159 7 -; 234/9958 8 -; 2346711; 5 -; 2346;/48
/ =; 2344119/ 6 =; 2344;66: 1 =; 234/11:9 7 =; 234/99;5 8 =; 23467119 5 =; 2346;//4
/ >; 23441768 6 >; 2344;1;7 1 >; 234/1716 7 >; 23464447 8 >; 2346717/ 5 >; 2346;/61
/ ?; 23441774 6 ?; 2344;1;8 1 ?; 234/1887 7 ?; 23464445 8 ?; 23467176 5 ?; 2346;/;7
/ 0: 23441776 6 0: 2344;8/; 1 0: 234/1586 7 0: 234644/5 8 0: 23467171 5 0: 2346;/:/
/ ,: 23441759 6 ,: 2344;864 1 ,: 234/1;;9 7 ,: 234644/9 8 ,: 23467178 5 ,: 2346;/:7
/ <: 234417;1 6 <: 2344;86/ 1 <: 234/1:79 7 <: 23464476 8 <: 234671;/ 5 <: 2346;646
/ (: 234417;8 6 (: 2344;868 1 (: 234/1:88 7 (: 23464471 8 (: 234671;6 5 (: 2346;648
/ -: 234417:9 6 -: 2344;818 1 -: 234/1::4 7 -: 2346447: 8 -: 234671;1 5 -: 2346;6;;
/ =: 234418/; 6 =: 2344;875 1 =: 234/1::/ 7 =: 23464488 8 =: 234671;7 5 =: 2346;7//
/ >: 23441874 6 >: 2344:/6/ 1 >: 234/7445 7 >: 23464847 8 >: 234671;5 5 >: 2346;7/5
/ ?: 23441898 6 ?: 2344:114 1 ?: 234/74/7 7 ?: 2346489: 8 ?: 234671:5 5 ?: 2346;768
/ 09 2344158/ 6 09 2344:11/ 1 09 234/7695 7 09 2346454: 8 09 234671:; 5 09 2346;76;
/ ,9 23441;64 6 ,9 2344:1:7 1 ,9 234/7564 7 ,9 234645/6 8 ,9 23467718 5 ,9 2346;786
/ <9 2344745: 6 <9 2344:778 1 <9 234/7574 7 <9 234645/: 8 <9 23467784 5 <9 2346;788
/ (9 234474:4 6 (9 23449499 1 (9 234/75:1 7 (9 23464518 8 (9 234677;/ 5 (9 2346;757
/ -9 234474:9 6 -9 23449/81 1 -9 234/7:8: 7 -9 23464519 8 -9 23467797 5 -9 2346;7;6
/ =9 23447147 6 =9 23449699 1 =9 234/7946 7 =9 23464;// 8 =9 23467847 5 =9 2346;796
/ >9 23447719 6 >9 23449148 1 >9 234/79;9 7 >9 23464;68 8 >9 234678// 5 >9 2346;845
/ ?9 23447;6; 6 ?9 23449149 1 ?9 234/7996 7 ?9 23464;;4 8 ?9 23467867 5 ?9 2346;8/6
/ 0/4 23447::1 6 0/4 234491/4 1 0/4 234/8719 7 0/4 23464;;/ 8 0/4 23467854 5 0/4 2346;8/5
/ ,/4 234479/5 6 ,/4 234491/8 1 ,/4 234/571: 7 ,/4 23464;;; 8 ,/4 23467856 5 ,/4 2346;886
/ </4 23448/61 6 </4 23449164 1 </4 234/57;; 7 </4 23464;:: 8 </4 23467;74 5 </4 2346;8;1
/ (/4 23448665 6 (/4 23449166 1 (/4 234/5854 7 (/4 23464;96 8 (/4 23467:45 5 (/4 2346;8;7
/ -/4 234481:; 6 -/4 234497;9 1 -/4 234/5856 7 -/4 23464;9: 8 -/4 23467:/9 5 -/4 2346;568
/ =/4 23448196 6 =/4 2344979: 1 =/4 234/5541 7 =/4 23464:48 8 =/4 23467949 5 =/4 2346;5;;
/ >/4 23448198 6 >/4 23449799 1 >/4 234/554: 7 >/4 23464:45 8 >/4 234679/4 5 >/4 2346;;64
/ ?/4 2344819: 6 ?/4 23449845 1 ?/4 234/55/4 7 ?/4 23464:4; 8 ?/4 234679/6 5 ?/4 2346;;67
/ 0// 23448861 6 0// 234498// 1 0// 234/:691 7 0// 23464:4: 8 0// 23467958 5 0// 2346;:69
/ ,// 23448871 6 ,// 23449;:; 1 ,// 234/:698 7 ,// 23464:49 8 ,// 23468667 5 ,// 2346;:8;
/ <// 234488;4 6 <// 234/44:4 1 <// 234/:695 7 <// 23464:/4 8 <// 23468665 5 <// 2346;:8:
/ (// 234488:8 6 (// 234/44:6 1 (// 234/:1/7 7 (// 23464:69 8 (// 2346867: 5 (// 2346;:5:
/ -// 2344856/ 6 -// 234/4498 1 -// 234/:7:/ 7 -// 23464:1/ 8 -// 234686;6 5 -// 2346;:;7
/ =// 23448575 6 =// 234/4//9 1 =// 234/:816 7 =// 23464968 8 =// 234687/9 5 =// 2346;::/
/ >// 234456/1 6 >// 234/4/1; 1 >// 234/:879 7 >// 23464965 8 >// 2346878; 5 >// 2346;::1
/ ?// 23445659 6 ?// 234/4/86 1 ?// 234/:889 7 ?// 2346496; 8 ?// 234687:9 5 ?// 2346;961
/ 0/6 2344515/ 6 0/6 234/4/85 1 0/6 234/:8:7 7 0/6 23464969 8 0/6 2346884; 5 0/6 2346:/:/
/ ,/6 23445197 6 ,/6 234/4/54 1 ,/6 234/:895 7 ,/6 23464914 8 ,/6 23468867 5 ,/6 2346:/9:
/ </6 23445744 6 </6 234/46/8 1 </6 234/:54/ 7 </6 23464916 8 </6 2346887; 5 </6 2346:/99
/ (/6 2344574/ 6 (/6 234/4144 1 (/6 234/:;47 7 (/6 2346491; 8 (/6 2346887: 5 (/6 2346:646
/ -/6 23445746 6 -/6 234/4754 1 -/6 234/:;64 7 -/6 2346497/ 8 -/6 23468885 5 -/6 2346:6/9
/ =/6 23445747 6 =/6 234/475; 1 =/6 234/:;66 7 =/6 23464975 8 =/6 234688;; 5 =/6 2346:664
/ >/6 23445745 6 >/6 234//947 1 >/6 234/:;67 7 >/6 2346497: 8 >/6 234688:7 5 >/6 2346:614
/ ?/6 234457/1 6 ?/6 234//9/4 1 ?/6 234/:;:5 7 ?/6 234649:/ 8 ?/6 234688:8 5 ?/6 2346:61/



	  
Table SI1 ID number of each compound in Timtec ActiTarg-K library. 
	  

!"#$% &%"" '()*+,-. !"#$% &%"" '()*+,-. !"#$% &%"" '()*+,-. !"#$% &%"" '()*+,-. !"#$% &%"" '()*+,-. !"#$% &%"" '()*+,-.
/ 01 23456515 6 01 234111/5 7 01 23418/79 :4 01 234;:587 :: 01 23484:47 :5 01 23488195
/ ,1 23456511 6 ,1 234111/6 7 ,1 2341871/ :4 ,1 234;:59; :: ,1 23484:58 :5 ,1 23488197
/ <1 234565;9 6 <1 23411164 7 <1 23419554 :4 <1 234;:8/1 :: <1 23484:59 :5 <1 234881/;
/ (1 234565;7 6 (1 2341116; 7 (1 23419596 :4 (1 234;:946 :: (1 23484:/; :5 (1 234881/8
/ -1 2345658; 6 -1 23411168 7 -1 2341956; :4 -1 234;:9:6 :: -1 23484:6; :5 -1 2348816;
/ =1 23456588 6 =1 23411169 7 =1 23419568 :4 =1 234;:/54 :: =1 23484:71 :5 =1 23488;41
/ >1 2345659; 6 >1 23411174 7 >1 23419566 :4 >1 234;:646 :: >1 23484546 :5 >1 23488;:5
/ ?1 23456564 6 ?1 23411;:7 7 ?1 234191:8 :4 ?1 234;:616 :: ?1 234845;: :5 ?1 23488919
/ 0; 234561:1 6 0; 23411;98 7 0; 23419191 :4 0; 234;:69: :: 0; 23484589 :5 0; 23488/7/
/ ,; 234561:; 6 ,; 23411859 7 ,; 23419;55 :4 ,; 234;:74; :: ,; 23484594 :5 ,; 23488784
/ <; 234561:/ 6 <; 23411894 7 <; 23419;5/ :4 <; 234;:749 :: <; 2348459: :5 <; 23488798
/ (; 23456154 6 (; 23411895 7 (; 23419;8: :4 (; 234;:758 :: (; 234845/9 :5 (; 23488765
/ -; 2345611; 6 -; 234118/6 7 -; 23419;8/ :4 -; 234;:7;7 :: -; 23484568 :5 -; 23488761
/ =; 234561/7 6 =; 23411959 7 =; 23419;/9 :4 =; 234;:78: :: =; 23484566 :5 =; 2348876/
/ >; 23456;85 6 >; 234119;8 7 >; 23419;/6 :4 >; 234;:78; :: >; 2348:76: :5 >; 2348877/
/ ?; 23456;8; 6 ?; 234119;/ 7 ?; 2341984: :4 ?; 234;:794 :: ?; 2348:765 :5 ?; 23488776
/ 08 23456;8/ 6 08 23411964 7 08 2341985: :4 08 234;54;6 :: 08 23485488 :5 08 2348944;
/ ,8 23456985 6 ,8 2341;598 7 ,8 23419851 :4 ,8 234;54;7 :: ,8 2348587: :5 ,8 234894:4
/ <8 23456981 6 <8 2341;946 7 <8 23419856 :4 <8 234;5:44 :: <8 234859:/ :5 <8 23489461
/ (8 2345696/ 6 (8 2341;654 7 (8 23419815 :4 (8 234;5817 :: (8 23485958 :5 (8 23489:49
/ -8 2345697/ 6 -8 2341;61; 7 -8 23419811 :4 -8 234;1848 :: -8 23485657 :5 -8 23489557
/ =8 23456/:4 6 =8 2341;6;6 7 =8 23419888 :4 =8 234;19:7 :: =8 23481411 :5 =8 234895;9
/ >8 2345678: 6 >8 2341;686 7 >8 234198/5 :4 >8 234;195: :: >8 23481:47 :5 >8 234895;/
/ ?8 2345678; 6 ?8 2341;69; 7 ?8 23419915 :4 ?8 234;;44: :: ?8 23481::1 :5 ?8 234895;7
/ 09 23456799 6 09 2341;6/: 7 09 2341991/ :4 09 234;;:68 :: 09 23481::; :5 09 23489584
/ ,9 2345679/ 6 ,9 2341;661 7 ,9 234199;1 :4 ,9 234;;5// :: ,9 23481::8 :5 ,9 2348958:
/ <9 23456796 6 <9 2341;668 7 <9 234199;7 :4 <9 234;;1:8 :: <9 23481::9 :5 <9 23489585
/ (9 23456797 6 (9 2341;667 7 (9 23419659 :4 (9 234;;;8/ :: (9 23481:15 :5 (9 23489586
/ -9 234567/8 6 -9 2341;678 7 -9 2341/:66 :4 -9 234;;8:1 :: -9 23481:11 :5 -9 234891:;
/ =9 234567/6 6 =9 2341;745 7 =9 2341/818 :4 =9 234;;8;: :: =9 2348151: :5 =9 23489155
/ >9 2345745; 6 >9 2341;755 7 >9 2341/9/1 :4 >9 234;;958 :: >9 234815;: :5 >9 23489854
/ ?9 23457459 6 ?9 2341;71: 7 ?9 2341//:5 :4 ?9 234;;/;; :: ?9 23481589 :5 ?9 23489981
/ 0/ 23457477 6 0/ 2341;7;: 7 0/ 2341/611 :4 0/ 234;;/86 :: 0/ 23481571 :5 0/ 23489/49
/ ,/ 23457554 6 ,/ 2341;78: 7 ,/ 2341/767 :4 ,/ 234;;7:5 :: ,/ 2348157; :5 ,/ 23489/94
/ </ 234575;; 6 </ 2341;785 7 </ 234164:8 :4 </ 234;8514 :: </ 23481576 :5 </ 23489/9:
/ (/ 234575;9 6 (/ 2341;786 7 (/ 23416:9: :4 (/ 234;88:4 :: (/ 23481144 :5 (/ 23489/91
/ -/ 2345758: 6 -/ 2341;794 7 -/ 23416515 :4 -/ 234;8867 :: -/ 23481148 :5 -/ 23489/98
/ =/ 23457581 6 =/ 2341;79: 7 =/ 23417:/6 :4 =/ 234;8998 :: =/ 23481146 :5 =/ 23489/9/
/ >/ 23457588 6 >/ 2341;795 7 >/ 23417154 :4 >/ 234;8999 :: >/ 2348111; :5 >/ 23489//4
/ ?/ 2345758/ 6 ?/ 2341;791 7 ?/ 23417816 :4 ?/ 234;8665 :: ?/ 23481191 :5 ?/ 23489///
/ 06 23457587 6 06 2341;796 7 06 234178;9 :4 06 234;8799 :: 06 2348119/ :5 06 23489649
/ ,6 2345759; 6 ,6 2341;7/6 7 ,6 2341788: :4 ,6 234;/1:4 :: ,6 234811/1 :5 ,6 23489797
/ <6 23457598 6 <6 2341;775 7 <6 23417898 :4 <6 234;/97/ :: <6 234811/; :5 <6 2348/497
/ (6 234575/4 6 (6 2341;779 7 (6 23417996 :4 (6 234;/778 :: (6 234811/6 :5 (6 2348/::4
/ -6 234575/9 6 -6 234184:; 7 -6 234;4444 :4 -6 234;644/ :: -6 23481164 :5 -6 2348/547
/ =6 234575// 6 =6 234184:6 7 =6 234;4::: :4 =6 234;6:19 :: =6 23481;49 :5 =6 2348/596
/ >6 23457566 6 >6 23418457 7 >6 234;41:; :4 >6 234;6747 :: >6 23481;46 :5 >6 2348/597
/ ?6 23457141 6 ?6 2341841/ 7 ?6 234;4158 :4 ?6 234;6781 :: ?6 23481;:5 :5 ?6 2348/1/5
/ 07 23457147 6 07 23418417 7 07 234;4157 :4 07 234;6791 :: 07 23481;:1 :5 07 2348/;58
/ ,7 23457175 6 ,7 234184;: 7 ,7 234;41;8 :4 ,7 234;679; :: ,7 23481;:/ :5 ,7 2348/;;7
/ <7 23457171 6 <7 234184;8 7 <7 234;4161 :4 <7 234;6798 :: <7 23481;:6 :5 <7 2348/;//
/ (7 23457816 6 (7 234184;9 7 (7 234;4167 :4 (7 234;6799 :: (7 23481;:7 :5 (7 2348/959
/ -7 234578;1 6 -7 2341848; 7 -7 234;4175 :4 -7 234;6796 :: -7 23481;15 :5 -7 2348/918
/ =7 234578/4 6 =7 2341848/ 7 =7 234;4171 :4 =7 234;67/6 :: =7 23481;19 :5 =7 2348/919
/ >7 2345786/ 6 >7 23418494 7 >7 234;4;44 :4 >7 234;7485 :: >7 23481;;: :5 >7 2348/91/
/ ?7 23457959 6 ?7 234184/5 7 ?7 234;4;49 :4 ?7 234;7481 :: ?7 23481;88 :5 ?7 2348/916
/ 0:4 23457996 6 0:4 23418474 7 0:4 234;4;:4 :4 0:4 234;7495 :: 0:4 23481;89 :5 0:4 2348/961
/ ,:4 23457641 6 ,:4 2341847; 7 ,:4 234;4;:5 :4 ,:4 234;749/ :: ,:4 23481964 :5 ,:4 2348//47
/ <:4 2345776: 6 <:4 23418:57 7 <:4 234;4;:; :4 <:4 234;74/4 :: <:4 2348197; :5 <:4 2348//:4
/ (:4 23414;56 6 (:4 23418:14 7 (:4 234;4;:7 :4 (:4 234;74/: :: (:4 2348;497 :5 (:4 2348//::
/ -:4 23414895 6 -:4 23418:1: 7 -:4 234;4;58 :4 -:4 234;74/1 :: -:4 2348;18; :5 -:4 234865;7
/ =:4 23414/11 6 =:4 23418:97 7 =:4 234;4;59 :4 =:4 234;74/; :: =:4 2348;;4/ :5 =:4 234865/;
/ >:4 2341:4;7 6 >:4 23418:/1 7 >:4 234;4;5/ :4 >:4 234;74/7 :: >:4 2348;958 :5 >:4 23486565
/ ?:4 2341::95 6 ?:4 23418:/; 7 ?:4 234;4;57 :4 ?:4 234;7:;1 :: ?:4 2348;96/ :5 ?:4 23486561
/ 0:: 2341::99 6 0:: 23418:// 7 0:: 234;4;15 :4 0:: 234;7189 :: 0:: 2348;/46 :5 0:: 2348656;
/ ,:: 2341:5/5 6 ,:: 23418:69 7 ,:: 234;4;;8 :4 ,:: 234;7;:9 :: ,:: 2348;/64 :5 ,:: 23486568
/ <:: 2341:;:8 6 <:: 2341855; 7 <:: 234;4;87 :4 <:: 234;7;88 :: <:: 2348;717 :5 <:: 23486571
/ (:: 2341:/45 6 (:: 234189;6 7 (:: 234;4;99 :4 (:: 234;7;// :: (:: 2348;7;/ :5 (:: 23486;87
/ -:: 2341:/5: 6 -:: 23418989 7 -:: 234;4;96 :4 -:: 234;7;7; :: -:: 2348841: :5 -:: 23486855
/ =:: 2341:/58 6 =:: 234189/4 7 =:: 234;48:9 :4 =:: 234;7/8; :: =:: 234884;; :5 =:: 23486/17
/ >:: 2341:/7: 6 >:: 23418966 7 >:: 234;48;7 :4 >:: 234;7641 :: >:: 23488494 :5 >:: 2348675/
/ ?:: 2341:7;/ 6 ?:: 23418975 7 ?:: 234;488; :4 ?:: 234;7688 :: ?:: 23488495 :5 ?:: 23486756
/ 0:5 23415194 6 0:5 23418/:7 7 0:5 234;4888 :4 0:5 234;76/: :: 0:5 23488491 :5 0:5 23486711
/ ,:5 23415197 6 ,:5 23418/;8 7 ,:5 234;491; :4 ,:5 234;7744 :: ,:5 234884/9 :5 ,:5 23486716
/ <:5 23415948 6 <:5 23418/;9 7 <:5 234;4998 :4 <:5 234;77;7 :: <:5 234884// :5 <:5 2348744:
/ (:5 234157/; 6 (:5 23418/87 7 (:5 234;4999 :4 (:5 234;77/; :: (:5 23488469 :5 (:5 23487481
/ -:5 23411:7/ 6 -:5 23418/6; 7 -:5 234;497: :4 -:5 234;77/8 :: -:5 23488:15 :5 -:5 2348754/
/ =:5 2341119: 6 =:5 23418/6/ 7 =:5 234;46/5 :4 =:5 234;7766 :: =:5 23488:;; :5 =:5 2348755;
/ >:5 234111/4 6 >:5 23418/67 7 >:5 234;4746 :4 >:5 234;7778 :: >:5 23488:/9 :5 >:5 234871;6
/ ?:5 234111/: 6 ?:5 23418/7; 7 ?:5 234;:459 :4 ?:5 23484449 :: ?:5 23488156 :5 ?:5 23487;4/



 
Table SI2 MDL number of each compound in Sigma-Aldrich library. 
	  

	  

	  
	  

!"#$% &%"" '()*+,-.%/ !"#$% &%"" '()*+,-.%/ !"#$% &%"" '()*+,-.%/ !"#$% &%"" '()*+,-.%/
012-# 34 '56(7748898: 012-# ;4 '56(7<:=<<:9 012-# 64 '56(7749==>7 012-# (4 '56(77779?7=
012-# 3> '56(7@=7984: 012-# ;> '56(77799=:7 012-# 6> '56(7748?<?? 012-# (> '56(7777><:=
012-# 38 '56(777=:?4: 012-# ;8 '56(774@==>< 012-# 68 '56(777:87=@ 012-# (8 '56(777794@8
012-# 3< '56(447<987= 012-# ;< '56(777@9@98 012-# 6< '56(7778>><7 012-# (< '56(7774>=@7
012-# 39 '56(7@>=?:4= 012-# ;9 '56(777>7?@< 012-# 69 '56(7:@?9>=8 012-# (9 '56(7777>88:
012-# 3? '56(77747999 012-# ;? '56(7774=@>< 012-# 6? '56(7@>=>@7: 012-# (? '56(7774:<@4
012-# 3= '56(7@>==7<7 012-# ;= '56(777@@=@> 012-# 6= '56(7?<448:4 012-# (= '56(774947>=
012-# 3@ '56(4?@=9<8? 012-# ;@ '56(777877<4 012-# 6@ '56(>4?7@94@
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Fig.	  SI1.	  Real-‐time	  coralyne	  screening	  of	  Timtec	  ActiTarg-K library (plate 1-12) 
and Sigma-Aldrich library (plate Sigma). The selected hits were highlighted in red 
rectangle in the legend.	  
	  

	  
Table	  SI2.	  ID	  numbers	  of	  hits	  selected	  by	  coralyne	  assay	  from	  Timtec	  ActiTarg-K 
library (plate 1-12) and Sigma-Aldrich library (plate Sigma).	  
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Fig. SI2. HPLC graphs of selected hits affecting DisA reactions. 50 µM hits from 
Timtec ActiTarg-K library and 100 µM MFCD08277040 from Sigma-Aldrich library 
were mixed with 100 µM ATP and 10 µM DisA. Reactions were stopped after 30 
min. Enzymes were removed by filtration. ATP and c-di-AMP were used as HPLC 
standards. The added compound is indicated at the upper right corner of each graph. 
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Fig. SI3. HPLC analysis of DisA reaction in the presence of 25 randomly selected 
library compounds that did not affect c-di-AMP synthesis, as judged by the coralyne 
assay. This re-testing, using HPLC analysis confirms that compounds that were 
judged by the coralyne assay as not inhibitors indeed do not inhibit DisA. 
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Fig. SI4. Titration of DisA with various concentrations of bromophenol-TH. The 
graph is normalized with respect to the tryptophan fluorescence without ligand. 
 
 
 
 
 
 

	  
Fig. SI5. 50 µM 3,5-dibromosalicylic acid, 3,5-dibromosalicylaldehyde and 2-
thiohydantoin did not inhibit DisA. Assay was performed using α-32P-ATP and TLC 
to monitor reaction progress.  
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Fig. SI6. DisA inhibition by bromophenol-TH. Reactions were stopped after 5 min 
and percentage of c-di-AMP was calculated. Cold ATP concentrations was 500 µM. 
33 nM 32P-ATP was used to monitor reactions. DisA activity was normalized with 
respect to the percentage of c-di-AMP formation in the absence of bromophenol-TH. 
IC50 is 100 µM. 
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Fig. SI7. Effect of surfactant on bromophenol-TH inhibition. In the presence of 0.01% 
Triton X-100, 50 µM bromophenol-TH was still able to inhibit DisA. Assay was 
performed using α-32P-ATP and TLC to monitor reaction progress.  
 
 



	  

	  	  

	  	  

	  	  
	  
Fig. SI8. Bromophenol-TH binding to DisA in competition with ATP in the presence 
or absence of surfactant (tryptophan fluorescence titration). A) 20 µM bromophenol-
TH competing with 50 µM, 100 µM , 500 µM  or 1mM ATP to bind to DisA in the 
absence of surfactant, Triton-X100. 20 µM bromophenol-TH decreases DisA 
tryptophan fluorescence emission. ATP could not change the fluorescence emission 
significantly, indicating that ATP and bromophenol-TH do not bind to the same site. 
B) and C) 50 µM or 20 µM bromophenol-TH competing with ATP for DisA in the 
presence of surfactant. The presence of surfactant causes a blue-shift of tryptophan’s 
fluorescence. 
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Fig SI9. Stability of bromophenol-TH in the presence of cysteine, monitored via UV 
absorbance. 50 µM bromophenol-TH was incubated with 1 mM cysteine. UV 
absorbance of bromophenol-TH (250nm~450nm) was monitored over time. A) UV 
absorbance before incubation. B) UV absorbance after 1-hour incubation. The UV 
absorbance of cysteine-bromophenol-TH mixture was constant during 1-hour 
incubation period, implying that bromophenol did not react with cysteine.   
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Confirmation of the identity of bromphenol-TH 
1H NMR (400 MHz, DMSO-d6 containing 5% D2O) δ 7.75-7.71 (m, 2H), 6.58 (s, 
1H).  

 
 
 
13C NMR (126 MHz, DMSO-d6) δ 180.5, 166.7, 153.1, 136.2, 132.5, 130.7, 125.8, 
114.1, 112.9, 105.9.  



 
 
 
 
 
MS of bromophenol-TH 
[C10H5

79Br2N2O2S]- : calculated 374.8438, found 374.8401; [C10H5
79Br81BrN2O2S]- : 

calculated 376.8418, found 376.8412; [C10H5
81Br2N2O2S]- : calculated 378.8397, 

found 378.8396.  
 
HPLC purity analysis of bromophenol-TH 

 



 
	  
DisA purification  
BL21(DE3) cells containing DisA plasmid were grown with 50 µg/ml Kanamycin at 
37 °C and expression was induced by addition of 1mM IPTG. After induction at 30 
°C for 6h, cells were harvested by centrifugation at 5,000 rpm for 15 min. Cells were 
resuspended in lysis buffer (50mM sodium phosphate buffer, pH 8.0, 0.3M NaCl) and 
lysed by sonication. After centrifuge at 22,000 rpm for 25 min, DisA was purified 
from supernatant using a GE Hitrap Nickel column and dialyzed into lysis buffer. 
 
Real-time detection of c-di-AMP formation by coralyne and screening of 
ActiTarg-K 960 compound library and Sigma-Aldrich 40 compound library 
ActiTarg-K 960 compound library compounds (Timtec) and Sigma-Aldrich 40 
compound library were stored as 1 mM and 2 mM stock solutions in DMSO 
respectively. 100 µM ATP, 10 µM coralyne, 3 mM KI and 50 µM compound from 
Timtec ActiTarg-K library or 100 µM compound from Sigma-Aldrich 40 compound 
library or 5% DMSO were mixed in reaction buffer (40 mM Tris-HCl, pH 8.0, 100 
mM NaCl and 10 mM MgCl2). Reaction was started by adding 10 µM DisA. 
Fluorescence measurements were performed on a Molecular devices SpectraMax M5e 
plate reader with λex=420 nm and λem=475 nm. Reactions were monitored for 30 min 
(5 min interval).  
 
Tryptophan fluorescence titration 
5 µM DisA was mixed with various concentrations of ligands and incubated at 25 °C 
for 1 hour. Tryptophan fluorescence was measured by Varian Cary Eclipse 
fluorescence spectrophotometer with λex=290 nm and λem=300~450 nm. Apparent Kd 
(assuming 1:1 binding ratio) was calculated using fluorescence intensity at 340 nm. 
The equation is as following: 

 
where F is the fluorescence intensity at 340 nm. F0 is the fluorescence intensity at 340 
nm in the absence of ligand. ΔF is the fluorescence intensity change upon ligand 
binding. Kd

app  is the apparent dissociation constant of binding of ligand to DisA. Pt is 
the total protein concentration and Lt is the total ligand concentration.1 
In ATP competition assay, 5 µM DisA was incubated with 20 µM or 50 µM 
bromophenol-TH together with various concentrations of ATP. In samples indicated 
as ‘in the presence of surfactant’, 0.01% Triton X-100 was also added. After 1-hour 
incubation, tryptophan fluorescence was measured as previously described. 
 
DisA inhibition by various concentrations of bromophenol-TH 
50 µM or 500 µM ATP, 33 nM 32P-ATP and various concentrations of bromophenol-
TH or 5% DMSO were mixed in reaction buffer. 5 µM DisA was added to start 
reaction. Reaction was stopped at 5 min and reaction mixture was spotted on a TLC 
plate (EMD Millipore TLC Cellulose). TLC running buffer was saturated (NH4)2SO4 : 
1.5 M KH2PO4 = 1:1.5. 
 
HPLC analysis 
50 µM compounds from Timtec ActiTarg-K 960 compound library and 100 µM 
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compounds from Sigma-Aldrich 40 compound library were mixed with 10 µM DisA 
and 100 µM ATP. Reactions were stopped by heating up to 95 °C for 5 min. Enzymes 
were removed by 10K filter and filtrate was separated by Purospher® STAR RP-18 (5 
µm) LiChroCART® 250-10 column (buffer A: 0.1 M TEAA in water; buffer B: 
acetonitrile). Samples were eluted with 95%80 % A at 0-16 min and 80%10 % A 
at 16-18.5 min and kept 10% A at 18.5-22.5 min. Signals were detected at room 
temperature with a 254 nm UV detector. 
 
For bromophenol-TH purity analysis, buffer A and B are 0.1 M TEAA and 
acetonitrile. Sample was eluted with 95%67 % A at 0-33 min. Signal was detected 
with a 254 nm UV detector. 
 
DisA inhibition by 3,5-dibromosalicylic acid, 3,5-dibromosalicylaldehyde and 2-
thiohydantoin 
50 µM ATP, 33 nM 32P-ATP, 5 µM DisA and 50 µM 3,5-dibromosalicylic acid or 
3,5-dibromosalicylaldehyde or 2-thiohydantoin were mixed in DisA reaction buffer. 
Reactions were stopped at different time points and the results were analyzed by TLC 
(EMD Millipore TLC Cellulose). 
 
DisA inhibition by 50 µM bromophenol-TH in the presence and absence of 
surfactant 
50 µM ATP, 33 nM 32P-ATP, 5 µM DisA and 50 µM bromophenol-TH or 5% DMSO 
were mixed in DisA reaction buffer. In samples with surfactant, 0.01% Triton X-100 
was added to avoid non-specific aggregation.2 These time course experiments were 
analyzed by TLC (EMD Millipore TLC Cellulose). 
 
Bromophenol-TH stability in the presence of Cysteine 
50 µM bromophenol-TH was mixed with 1 mM Cysteine and UV absorbance of 
bromophenol-TH at 361 nm was measured by Molecular devices SpectraMax M5e 
plate reader every 10 min for 1 hour.	  
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