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(4)(1:;(11$3%-$)914) ()91, *#: 3(%6!) &I* 7 (&+HST7$3;9(1*1$1,*%6%6$-O&! (I$%6*0) (&IF'1) &I+*(1, *#; 3&H#!
8 106()+H) H10)-*) (.1 3*+HS($*+ FEAEDCAEDAL & T+ &A1) $&A71)9(& +)($78&! 1&(4*#9614) &

)9%*1-8&+18Q, 9% &#1(*1)338%6%! (48%&!, *(&+($)99.1-$*)3($? &$L *8L FHEMH!S

Y".5;)+ HEH+1</44+<#4)*54)$+2"$*#-);)2+6;#5«/& ZASSH*"[)2+<"*#@"/4+$8)*")$+
@%+/+-1;")' %+#6+<)'(#2$C

289&3(&##!+)(;") 9, *#;3(%! 7*114;1)+11;(1-)3(&'S)AlS+39;#$+:1(4&!, ™ *%&H#1% (5 3(;'&!
*71(4&19)+(45*+BB& () $+5+:1-)3(&'$*3$+!SP)$T($3U!"; 1$+*3*335+ (48! (4%*, &, ($HE&!
)+($-$*($319)3(*3$9SBLBDA! (4&!1)+($-$*($314;1$1.3$+AN)+#1(4&!-)3(&'$)9!
&T7&3(R=8TI9$:)+#13*11&+#)1$#&H



28728&"918Q)1,98%!&Q$%(1*71$%*9)(&#1%1)9911%9&3;9&%!, *#;3&#!-.I:;(11$3™*-&%H!T;1$+*3*33$-
"1$%!)19)+($E531SO)+(4$*+HEBE&()$+$+:1-)3(&'$*35+U!(4) (M) %!$%*9)(8HI 7111, &!3;9(; &!*7!
I"H$%6&'&"" () @Y0B Al +)-;+#)+(11;(13*11&+%6) 9AHH#14)HIS(%!1%(';3(;'&,) ($)99. & (&' 1$+&H!-.!
€8 NB2!)+)9.%$00\*+96!) +#13*M* K& 'USS:;'&! EHEUACISA$0613*1,*;+#1$%1)3($28&!)%!)+!)+($-$*($3!
):)$+%(1)12)'$&(.1*71,)(4*: &+$BBE(/+$95 180, &3SEIA!)%IMEIOVASYAEE " ( 1%, &3$8I6H!"7 (&
HSY03*28& I T1(4$%!3*1, % +HA1) 1% -%68<; &+(1$+ 2 & WL BEHTHHE (&' 1$+&IS71$(IM)%1)3(;)99.!

St 3RS+ 2$ 2 BI$Y%1%) L& 6&HI THK=8T!(*1#&1*+%6(') (&!(4) (A& T;1",'&3; %>

&, (SH&IM)%1*+0.1,'896&+(1)(19*M19& 2&9%!$+1")(13) &3 Y9 K ABH(TAS. &7+ &1%:;:: 896 (&#1(4)(!
H1$H*3*33S+1"IM) %I OBK&D. 1+4(! &S 08I 7+ 1 [HES-) 3(&'$)9!) 3($2$(. 1 71(48%6&1%) 1,9&%H!
54&'&T*AI(A&()": &(&H!)(13)&3)9!3*+(&+(%!7*19%1)99!1*0& 3;90&H#$%63*2&.".)+#1$%+0) (&#1) +!
JHHS($+)913% 1 % +HAILS+*3*33S+IBAN)+#1)9%*1 )'($)99. H&(&'1$+8H#1$(%!1%(';3(; BB21EBF
5A$Y6I3*1, % +#1$%!)3($281)%!1)+1) +($-$*($3))IBELHSIS"#), 4+6+ SYBHTRL () $+1%6()$+%6!*7!
20'$33"()'4+4") +#IAS(/A+$0)H& Y68, 2/ & @AL' 99A! (A8%6& %0 #SEAAASKABL !, *V6%6$-9& (*!
$96*9)(&!)+($1$3*-$)9!, &, (SHE&Y!7*11%, &3$8I6! T*: +HHS+(4&!:; (1) HH&2&+IH$'&3(9.17*11:; (13*+(&+(%H
S*M&?P&'Al(48&.I'&OS&HI*+1(481()': &(&HI%&) 34 TFI3*1 *:+#9%!17'*11,)'($3;9) 1 VA& SRARE'!

L&A HHSHI+*(1)99*MI7*13%1 98 (&I VO(YBHE(&' 1S+) ($*+1#;&! (*(4&I*MI<; ) +($($8%6!*711) (&'$)O!
*.()$+&HM!

R+ICDE[AN$%34-)341)+#13*M*'K&'%! 3*+#;3(&#1)1%.%(&1)($31%; 28 I* 71 (481-$*%.+(4&($3!
H(&H($)9171(4814;1)+H1$3*-$*181)3*06%1 2)' $*;% |- *#. | VR BRBIS+: 1 (4&1-$*$+ 7' 1) ($3(**9%!
89;06(&\S+#EPY) +#1)+($2B"2>AEPH A& ISH&H(STS&H!-$*%.+(4&($3):8&+&139;%(& %!$+IUCA DD!I>B=!
08.<;&+38H!:&+*18Y6!)HH (A&+!<;)+H(STSEH! (48, '€%&+3&1*7IUNADDDI*71(48%&139;%(& %!$+ua D!>
1&()()+%3'$, (*1&%H!C+&IABMYS:+$7$3) + (1 7$+HS+:061$+!(A$%6!M*KIM)%6!(4) (1:&+&139;%(&'%!,' &#$3(

(*1,%#:381)1%:-39) %% *71'$-+06*1)99.1%6. + (48 I SWEHA! *Uo((')+%69) ($*+)99. 1 1*#$7$&H, &, ($#8%6I ST$=:



(4%* &, (SHEIAIME &I7*+#1$+!(4&11$3™*-$*1&%61*71)991&Q) 1$+&#11)0*'1-*#.1%$(&U(ISYKS+AI*)9A
)+#;%:&+$()OUH!54&.1%;-%6& <; SBYE-O) (LR * 7 (A&%6&! (45, &, (BH&IZ*1, % +#%!17'*11)11&1-&!
*71(4817):$+)911$3"*-$*(JH D1e13;9(;' &I* 71 A0'/&*0'$33" () @ O((AMFY6!: *M+1)+HE&Q (') 3(&H! (*]
$89#19)3(*3599$+A!)! (45, &, ($#&!)+($-$*($3IMASI4!IM) YRV TABHE+#134)') 3(& SW&H!
LBT 1S)7(&11*#$7$3)($*+!1*71(4&! 7'&&!3)"-*Q.9$3!)3$# MBSIBA & (4)+&! (*11)K&!(4&!
$96*9)(&HI3*1,*;+#11*'&1%()-0B8:;'&! EHEHIZS7$&#19)3(*35995+IM) %! (896 (&H1)%!)+1) +($-$*($3!
):)$+06(13* L 1%+ )(4%:&+0b1)+#13*11&+%6) Q%! 7%, +$+1(4817):$+)91 1$3*-$ (Al +IS(IM)%61%64*M+!
(*1-&1&778&3($?&!):) $FOMPR3&'&" ™ ()0"+4"( ABT7)604'03&L0+9%4+4330)BO@EWEBS(
8&+29%64%0'/4+$"H)0"+$#" &("HI5&):&+&1I39;% (&), *#;35+:1(4$%!3*1,*; +#IM)%!)3($2&9.!
()+%3'$-&H#I$+14:1)+19%) 1, 08F6AS(I$+11&(): 8+ 18617+ L1(A&I*)91&+2$*+1&+(1)+#1+*(1(4&!
2):$+)91&+2$*+18+(IMA& & (481%,&3$&%!S(IM)%!$%*9) (&#17'*11+*' 150G SYBLENHK]
$HH$3)(SAE! *(&+($)9!,4.96$0%:$3)01'&&?)+3&IXT! "4 3 (KAHIT) +($-$*($3-. &) + !
1$3*-$*()H

65'&3(1)((&1,(%! (*1$%*0)(&!3*1,*;+#%! 7 11(4&11$3*-$*()1)' &19)-*'$*; 2 Al) +#1(4& &I$%o!+*1
1)) +H(&&!(4) (1(4&!$%*9) (&#11*08.3;9&%!MSIOH#& 1*+%6(') (&!,4.%$*9%:$3)99.'&9&?) +(1-$*)3($2$(.H!
548 &7+ &AX(4&'1% (") (&: SE&YoBITIA3($++)9! 1&():&+*1$3%AI4) 2&1-&&+;%&H! (*1,'$* S(SWE!
$H2&Y6($1)($*+F71-$4%.+(4&($31,) (AM). %! $+!(4$%! &+ FHRHUGER 196 (;#. Al )#.1) +#1
3 M*'K&'%!:&+&') (&) 1&():&+*1$319$-") .1 7*1LINADDDIB/I* 718+ 2% *+1&+() 916 L "1$%+0) (&!
7%114;1)+1783)91%)1,0&%6!) +#1(4&+1% BBRAS19$-") .1 751 3($?) (* % TNA AL () +063'$, ($*+!
7)3(*1$+2*92&HIS+) IMSHE! ) $&(1*7138.99:9)'!, *3&YVABHIVE . Al (A& |$H&H(STSEHI%& 289!
3+11&+9%)91-)3(&'$)91&77&3(*'1:&+8%!(4) (1) 3(SPNEHUVO&H!* +1-$+$+7+1) ($31)+)9.%$%!)+#!
18()-*OH&!I&Q()3(S* B HE (& 1$+8&H! (4) (1*+8&I*TI(A&Y6&): &+&Yo), *#; 3&H! (A&1-$*%. +(4&($3!, 4 3(!

3*118+#) 1$H#&A!)+ N3.9)(&##1) 1$+*) 3S#IY3.ONNLA*Q. N)O1$(*.91:0.35+&I8$:;'&! EHEH!



N %&H*+1%(";3(;)914*1%9%: Al(4&1); (4% %1 4. *(A8%SWEH!(4)(1(4$%!3* 1, *:+#IM*:9#1-&!1) X=8T!

O%:)+HHAN+H 7% 11)1063'&&+1*714: 1)+ X=8T%!(4&. 1#$%3*2& ' &#1(4)(1$()3($7)(&%! X=8TEACIXC"H!"!

0%$1$9) 131, % +#06!)+HH T+ +#1 (A& 11 (*1-&I&+$3A&HIS+!:) Yo(*$+(&%6($+)9!-)3(&'$)Al%; 1 &Y($+:1(4)(!
(A89%68&!3*1,*;+#9%!1).1%& 281)%!19$:)+#9%6! 7% ) IMSH&IHS P& % $(.1*714; 1)+ X =8THPOHI$+17$7?

"1 (A& 1&(4*H1(4)(14)%)-8&+!;%&H!(*1) 33&9&.") (& (A& #$%3*2&".1¥71%61)99! 1 *OKB& 6! 7*1
(11$3*-$%()1$%! (4818Q, '&%%$*+1*71-BRASBY: & +&139;%(& %! $+14&(&'*9* * FARSHH(B4H 34!

)HHSHMK& %' &38&+(9.1;%6&#! (4$%!(&34+$<: &I (M$+28&%($:)(&1)! 7)1$9. ¥ 71+*+'$-*04*1)91 & ($#&!

(A&))-+#)+3&1%71)1)'($3;9)'17)1$9. 147 L T=28+3*#$+:1:&+&139;%(& %! S+ A&ID6) ! (!

1$3*-$*() D1 +#1$+1) ICDEAN#.1(4&.18Q,)+H#&H (A5%!$+2&%6($:) ($*+1) +#1) (&L, (& (*IH&(&'1$+&!
(481-$*0.+(4&($3!, *#; 3 (%1 71 (4868 : &+ 8| BTG & VHH& (8 *0% % %18Q, &% %$*+1*7IE[1*7!
(48.96&):8+8139;%(& VoI$+(MHIHST 78 &+ (14&(&'¥9**;9614%06 (%Al (4&)); (4% %IM&'&!)-9&! (*I$H#&+($7 !
3)+H#$H#) (&1 1&()-9$(8!, *#:3(%! 7* 1196828 +!: &+& 1 39TALL Wb 2 8H& ()-*9B(&%6!M&'&!1*%(9.!

3.39$3!,. )WS+++&1,"*#:3(%AIMAS341) ' &!,'&%;1)-9.1(4&!13.39SW) ($*+1)+HH*QS#) ($*+],*#;3(%!*7!

4. %$*9%:$3)90.1,"*#:3&H! &, ($H&)IH&A IEPA &) BHEHISA&!); (4%'%!1%. +(4&%SWEH!%E&?&")9!

31,5 +#%!1$1$3K$+:1 (488!, *(&+($)9!, &3; %6 %6!) +HIH&1*+%0(') (&#! (4&$)3($7$(.1) %!, *(&)%&!
$+AS-$(*%! (*M) BUE.28)914; 1) ++(8) Y&VAIS+39;#$+:13)9,)$+1)+#1(4&13.%(&$+&!3) (4&, %$+%AIMAS3
1).1-&I$+P7*92&H S+ 4% (1$1 181 &%, *+IERAFAIM* K #&%63'$-&H#I$+!(A$%!#$%6%6& () ($*+!)HH & %% &Y%0!
(4$%19)1&17)1$9.1*7IL T&R3*#$+:1:8+&139;96(&'YAl)+#1) RIOER+06$ P& IH$%63;%6%6$++1*71(4$%IM* K]

- \$%34-)341)+HH3*M*K&'Y!)+#13*1,)'$%6*+IMS(A!*; T*M+M*KIS%0!, 8%68+(8H S+ (4813*+39;%6$%+!

*7184),(&"1[H!



5A&I&D*%$+1*71::(11$3%*-$)910%6&<; &+3&!#)()])HHMB)BS(.|(**9%! 7+ 1-$*$+7*'1)($3!
)+)9.%$%!)+#1%(;3(;)9!, '&HS3($*+14) 2&1)9%*) 99*M&H! 7*'1& P&+ NA G AR & (4*HY%!*7!
961)99!1*9&:3;9&1#$%3*2&" .1 7*11(4&1:;(18+2$*+1&+(HI/ 1) +#13*M*K &' %! &3 Jo(tH&:H!
)1 4+*28:91%(")(&:.1S (4&IN%b.+(NSB(E3 75 1)($314) ()91, *#:3(%IAI*'1% ML=0%A!),,*)34UI$+! (4&S'!
HSY3*2& I 714;1$1.3$+1"\$:; &) BHEFFY.11$+5+:196&<;&+3&H!:&+*18&%!7*11(4&14; 1)+
1$3%*-$*()! 7 ILT=21:8+&!39;%(&'%A!, &H#$3($+:1(4&1%(';3(; &% 71 (A&IIBK&I.1:&+&139;%6 (&, *#;3(%!
%$+11-$4$+7% 1) ($3%A!)+#1%. +(4&%SWS+:1C 1, 8HS3(8H+*+'$-*%6*1)91, &, ($#&IAI(4&.1)33&% % &H#1)!
)+($-$%($31(4)(15%!)3($2&1):) $+% (1 1 & (HESGHAB)FI0"+4" (395 +$3J9*9) (&FBH

gene clusters in gut commenals

SN

________________
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' H

' N

: Rl)k N/'\[( \_)LH w@j
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A -7 in vitro biochemical assays
bioinformatic predictions with purified enzymes

NS

synthesis and bioactivity evaluation

Y".5;)+ HBI+[5;+/88;#/*(+ 6+ "$H#AI " #&+"&2)8) &2) &'+ $</ 44+ <HA)*54)+ 2"$*#-): Yo+ " &+
'0+.5'+<"#@"#'/C

C;'1$%*9)($*M+#&, & +#&+(IMFKT9*MI7+'134))3(&'SW$+:1%1)9911*983;98%!, *#:3&H#!-.!
$1,%0)+(1:;(13*11&+%) 9%!$+2*9 AZS6(19%6&9&3($+: | M= HS+:1-$*%%. +(4&($3!:&+&!
39;%(&'%!*71$+(&'&%(1-) Y &#!*+1)-; +#)+3&!IS+H! 1 &(): &+*1$3!1%&<; &+3%+:1#) () ) +#!
1$3*-$)91&3*0*: HI/$*$+ 7+ 1)($3!,' &HS3($*+%6!)+#I$+12$(*1-$*3481$3)9!)%%).%! (4&+!
FSH#&IY%(;3(;) IS+ 7 1) ($*+(4) (1$+7*' 1% (A&IBE3)91%. +(48%$%!*713)+#$#) (&!+)(;)9!

S #:3(19%(;3(;' &% H!548%8&1 7*3;%&#1%1)99!1*9& 3;9&19%$-) $8%6!3) +1(4&+!-&!1&7?) ;) (&#!17*'
-$*)3($?$('H



C2&")99AI(A&580!)13*+($+:&HIS+(8'&Y6(15+1),,%)3A&Y! (*1, *2SH&L') $#1)33896%! (*1, "#;3(%6!*71: (!
1$3-$)91:&+&139;%(& % H!R+! (A SMRVE KIS +8H1)19%(') (8:.17*'1)33&%%S$+:1:;(11$3™*-$)9!
0%6&3*+#)'.11&()-*9B(&H(IM*;9#13*1-$+&IS+12$(**134)") 3(&'SW) ($*+1*71-$*%. +EASAGB&Y6!MS(4!
3481$3)91%.+(4&WBBITAUH!/ 1 1$+$+:14;1)+1:;(11&():&+*1$31%6&<;&+3&!#) )AIM&I3*; 94!
$H&H($7.1%1)99IL T=21-$*%6.+(4&($3!:&+&139;%6(& V6 !* 7 I SIS R B(): 4068 $31%6&<;8+3$+!
#)())+#11$3'%-$)9183*9*: HIV&IZ*;9#1(4&+1(&%6(1*;'l,'&#$3($*+%6!)+H#ISHEH($7 . IK&.1-$+0%.+(4&($3!

- BOHS+:1-9%3K YL %S+ IS+ 2B (H-$*34&1$3)91)%6%). %IMS (4!, ;' S7S&H!-$* %0 +(4&($318&+W. 1&%HNS+)9C
M&IM*;9#1)338%6%6! (4&!3)+#$#) (&1+) EBB(1%(;3(;'&%!;%$+:134&1$3)91%. + (4&%$%!)+#1&72)9;) (&!
(48%&!7*3;%8&#1%1)99!1*9& 3;9&!93-')'$8%6! 7*'1-$*)3($2$(.H!"IK&.N#?)+():&!*71(4$%!),, %) 341$%! (4) (!
3%,0#1, *2$#&!1)1 17 &I") $#IM).1(*1)338&%6%!-$*)3($7&1%1)99! 1*9&:3;98%6!3*1,) &#!(*I()#$($*+)9!

$%6*9) (148, (&%9**;9618.Q,'&YUBYHEH!+) ()91, *#: 3(1H#$%3* 28T =21-$*% +(4&($3!:&+&!
39;96(8'%!)'&!2&" 1) 1&+)-9&!(4$%!),,*)34A1) %! (48.%& | &BANEIR8H$3()-9&34&1$3)919%: $B

"L YH() S IFTIAMI (A& Y6&I&HW. L&Y IMH K], ¥ P$H&Y6! (A& T +#)($*HFF TR (B!
)+)9.%$%!*71:8+&139;%(& VA, *(&$+1-$*34&1$%(".1*7ILT=218&+W. 1&%A!)+#1%(;3(;)9!, &H#S3($*+1*7!
[&+&139;%(&1,"#;3(%!(4) (IM&IH#$%3;%%!$+1(4$% #$%%& () ($*+H

!

HCLG$%E&' ()" *+*()<"$"; % +#6+8#&;" @#SH#</4+8)8"2)+$%& () /$)+M:N710+)&P%<)$+

| 8)+*+$3)9ILT=21$*%.+(4&($3134& 15%6('.
LT=21&+W.1&%!)'&!1)!1)0*'139)%%!*71-$*%. +(4&($31&+W. 189! (4) (1) '&! &%, *+%$-0&I 7+ "4 35+:!
(4811%98.3;98%!(4)(1)'&! (4&! 7*3;%!*71(4$%!M* KH!54&%&! &+W.1&%A1)9*+:IM$(4! (4&!39*06&9.1'&9) (&
<9, K&($H&1%. +(4&()%&I6A!) &7 (&+!(&' L&H NPBYERL-ON. 1&YHIIL T=21&+W.1&%!, *#;3&/!
&, (BHS314) ()9, *#:3(%! 7 11) 1$+1) 3SHY0!I$+1)1, *38969%6!(4) (1$%6!3*1,98(&9. H$%6($+3(17'+1!

'$-*0/6%1)91, &, ($#&1%.+(48%SUA!)+#(4818%%8+($)IHE&()$9%!* 714* M1 (489681 &+W. 1&YIM*'KI4) P& !~



H&(&'1$+&H#1*28/1(4&),)%(1%&28.) O SR & ME&H1-.1V)9%A4!)+\$% 3 F5BUE) +*+$3) !
LT=2134&1$%(".I1$%! &' 7+ 18&#13** &')($?89.I-.1%&?&") QST 7 & &+(1&+W. 1) ($31#+1)$+%AIMAS3413) +!
&) HSWEHS+(H17:+3($*+)9!;+$(%!3)99&H#! 14%; 90&VABUH!I548%&1&+W. 18&%!, &'7+1!
*3&06%6$?&!-$06.+(4&($31%(&, %01 +1$+(&'1&H#$) (&%6!(4) (1) & (&(A&'&H!(*I(4&!, * (&S +IMB(4! (4$*&%% (&
9$+K): B IR+ILT=21,)(4M). %Al (4&!,"* (&S$+!#* TIBH (13)" $& 6! @D $*& Y608 ' & IK+*M+1) %!
&,($#.913)"$&'1,*(&$!S=8=UIHU$*0)($*+SEUM1IBHI=4%0%, 4% ) +(&(4&S+&IS, ) +(U!()+%7 &) %&%!

) &I&+W.18%!(4)(!, & 7+ 11 (4$%INW069)($++)9 1*#$7$3) ($++AIMS(412TATSBB" () ("*/$38(
-&$+1(4&!13)+*+$3)918Q) 1 TN LI6&I&+W. 1&%!3)()9. W& (4&!1+:398* 4$9$3!) () 3K!*71)13*+06& 2 &H!
'QUSH; RIS+ (AGIBHF1)S+1+(H1BH&+W. L&I"IS+FH&' (*1:&+&") (&!(4&!, )+ (B 18! BAUH!

Y".5;)+HCI+7(#3$8(#8/&")'()"'&)+ M88/&'O+";/&$6);/$)$+"&$'/44+"()+ 88/&'+ [;<+ #&'#+
N71+'("#A"#E&+MAO+2#</"&$C

"13* 4008 P8 HI 68 $+&! 8USH: &IS+IL T=21(4$+9)($*+ SEUI* 1 ) 8665+ 09. !
THHSTSRHMS(A13* QAR (*1:&+&') (&1(A&),,)+(1) LAIMAS3A3*+()$+%6! (A& (A$*8%6 (&
08HH (*1(&(4&'1$+(& L8HSB) (86! (*1(4&Y%6&!3)"$&'L, *(&$+I0IS+ILT=21-$*0%. + (4&($3!
)(AM). % EETS48196(:3(; &1+ 71 (4$%!,,)+(1) 11$%!)-- &2$) (&#) %! %4 *M+H!

5481)%$3!1&34)+$% 1G4+ TRB)+*+$3)9IL T=21#*1)$+%61)'&!,'&%&+(&B$&! BH" nBH!
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HATU, DIPEA

O
CH,Cl,
\ )J\N ~_-SH
quant.

20% TFA
in CH,Cl,
C5H11 N \)]\5/\/'\‘ - Can N &J\S/\/N
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