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AcpH
Ala
AMP
AMS
Arg
Asn
Asp
ATP
AusA
Boc
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calcd
CBB
CoA
CP

Da
DCHA
DEAD
DIBAL
DIEA
DMAP
DMF
DMSO

EDTA
ESI
EtOAc
FL

S
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adenylation

activety-based protein profiling
acyl carrier protein hydrolase
alanine

adenosine 5’-monophosphate
adenosine 5’ -monosulfamate
arginine

asparagine

aspartic acid

adenosine 5’-triphosphate
aureusimine synthetase A
tert-butoxycarbonyl

bovine serum albumin
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coenzyme A

carrier protein
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sodium dodecyl sulfate
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TycB tyrocidine synthetase 2

Tyr tyrosine
uv ultraviolet
Val valine

VIS visible
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MAEMIIZ BRI LEME —IRIGHED & L TEAL TS, £O—FIZ,
RTF RERRMEED THDHIEY R Y — L ETF K (nonribosomal peptide,
NRP) & MBI 2 —BENTEAET D (Figure 1)'2, NRP (3846720 T & AWi%
MEALTEY, LiIdLiIEENILEME Y —F Y & LTEGRFES, 20
AEWTEE DO VE B REIRAFZE 23 T T & 7=, NRP I IAEM O AELFITITNA T
RGO D F DEENE D UK - O3 D5 EEH 72
EVRHLINTWD, ZD78, BIETIIMAEDM D EFHFO ETHRIZM@E L 7=
DIZEEINTND EEZEZ LN TWS, £ LT, ZOEWMIEEITHR A~ DAEIFIC
FMEZblebTbOTHLHZ bbb, BIZIE, PiEWE THL NNV av (v
VOREMHIFI Ly m ARY Al BUETIHERGSE LTHOYOR TV
NRP TH 5, ZDi=H, NRP (FAIE Y — MeAWE U CHEH &, BAICHE
Mns & OERZBFIEN TN TE 7z, ZORER, AH NRP 320> Tnd—
07T, IEEGHIE 2> B IR RN 7 & L CHERET D NRP TH D ALy >
R~ A AN F L TR EE RO TS, FDI=, NRP OAEFERIE A B
2. Z ORI 2R L LIEMThit T\ b,

NRP [FFE VU AR Y — AMERTF REEEE R (nonribosomal peptide synthetase,
NRPS) & IMHEN TWARERRIC L > TAKREN D (Figure 2)*°, NRPS %, flio
— R TR LI B DR AR AT DT, ARG L e o TN D,
NRPS (FW < OO HFERIEMEE BT T 5D N A A U BEEGE 72 - - M§iEE L
TEY, 2040 151E 300 75 800 kDa & FE K7 ¥ XV ETh D, NRPS I,
TT=b—Yar (A) ALY Fx V7 7m7A4 (CP), 2T rE—Ta3
v (C) RAAL VEIEARBMN LT HEY 2— AN EE#ERVEREIND, Zhb
R A A 2 DMSRBIZ RS 72 B R Al SOS 248 0 3§~ 2 & TNRP B SN T
Wb, £O—2THbHA RAA X, NRPAKICEBIT A7 — FF— =L LT
DOEE 2> TWD (Figure 3)'% A FAA NIEE R E A2 A L, Ak
W= BIRIR LTERFED T 2 /iR L ATP S EMIGHERMETH LT 2/
T YIV-AMP Z BT D, b ) DDA KA A T D CP IL NRPS OFEHE
BICHETH HDFIR%EMZZ T DM THY, NRP OELT 4T Ty
ThiH7 I /BRI 2%E /T 5, MEVMOEKRNTEESINTHE
NRPS (FEERRERE & L CREMERIRRBICH D, £ D X 9 72 apo-NRPS 1L, 8 AR



NTTA U NT AT =T —F (4-phosphopantetheinyl transferase, PPTase) &
HiEHE CoA IZ LV AEEKNTHESCHICHR®ZENMZ2 105 ', T_To CP D,
FEICRG SNBSS D Ser F%ILICA AKX 77 A - (phosphopantetheine,
PPant) 2fIHINEAv, 1EME72 holo-NRPS & 725, Z DN & L7z PPant KD T
F—VEN A RAA L THEREINTZT I 7 T 2 IV-AMP OIEMELE =T v v
izt U CTRER®T 5 Z LT, AMP OHIZHENT 2 Vi L F A= AT L
BEFKT D, 290U T, A RAL VOREBEMEIISCTERYVIAERET
JBEIMNRP OEINLVT 4> 77y & LTCNRPS D CP EIZHEEINS, Z0D
HEINTZT I BN C RAAL KT, EROT I VB THROT I/
i~ AR S Sd 2 & T, NRP BRERSN TN D,

NRP (% NRPS & X » TEEEIZHIE S ARSIV TV 5, NRPS OFEFREERE
FEAMCAENT S5 2 & T, NRPS 22 LA E4LD NRP 28425 Z LN TE 5,
F 72, NRPS Z &1 LFEHFEIC L o THIfEAIEE & 72 5 Z & T AZAIIZ NRPS
IZE DT T RUEALEDOERMAFIEE L 720 | 3T O G087 1 2 3 T Bl
LB DOERNR SN D, Z D=, NRP O " RACHTEEE ORI % B A1 kE <
72 NRPS OFHA 7 EBEMNT O FIEDBBE S TWb, A HETITHEINT
X HEIER SN X R EERAWS TIETH D, EMIIEDT ) LT
D NRPS EGHGBE T2 TAX—2RAL TS LIS TEY, HX
723D NRPS MFAET D L\ vbiuTnd 2 £72, NRPS IZE K& V7 ETH
5o TDID, —HIZHN OGN TWAEE T LR FECITRELE 725 1)
b5, ER7Z: NRPS 1ZERBIR Y ¥ —HEZENEEL < | BFEE BB Tl o3
JENBIEINIZNZ LR, BRIEEZ K- TWDHLZELH D, TOED, K
EMPRET HH DS NRPS &3 X CHREL, HEM UMM 2 2 & 1ZN
T D, WEMENRPS Z BEEMATICHV D Z & T f#E2ERNIZI 1T 5 NRPS
DFE 72 FEREMFAT 23 FTRE & 72 D,

Z ZCARIZE TR, B EA LI NAEME NRPS (23 Al BE 7o HE FR AR AE
FENTHAR OBIR 21T 572, B TIE A N A A OEMEEA R AEHS L~
— 7 EEANT A T TV =& HOTZNIENE NRPS O i JL B 5 SR AT 15 O
B, 55 —F CIINTENE NRPS @ CP IZXf 7 D RIAR &S 2 =) & L 7= 30U
7 e —7 OB EITo7c, ORI OWTLLTICEEM AR~ 5,
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Figure 1. Structures of nonribosomal peptides (NRPs).
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Figure 2. Nonribosomal peptide synthetase (NPRS).



- Adenylation (A) domain
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1 009
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Aminoacyl-AMP "zNI"
- Reactive intermediate -
- Carrier protein (CP) motif T
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Inactive oA, Mg Hz Active
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o (PPant)
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I

Figure 3. Enzymatic reaction of A- and CP- domains in NRPS modules.



EN

BH—E
Bt & HYJ activity-based protein profiling (ABPP) 2 X 5
NEMENRPS 7F =L —3 3 v (A) RAA ORI EEMT

A RAALUVEINRP GRICENT, EOENLT 4 7T my 7 &g SH %%
L NRP D& A IREDIT D EEREEIZ R L TnWD, ZHETITNRPS &
FIHL, ABHIHEREOXTF M LE 2GR T HFER V< Db A S 1
TWD, AR L MO E LTA RAL UBER SN TE,
A RAA L OFEMEINLZRER T HEEOT I VBB, [F—7 2/ BRI R R
WE2HETHA NAAL VETEEICRGFINTEY, WEFFAEORIBEICEET
HLIENANBNTWD, ZDOXI BT I JEEESZ A RAA o a— LS
B R THEMTIECE ST, 2O A AL a— RERRT 57 2/ BRICER
VIS Z & TTIEESAL OB EM AERBEREZRE L, KXkovrs 77
7y 7 THDGlunb Gln lZEH#H L7 NRP BEAINZZ ERREINTWVD
(Figure 1-1)", 2> B F MU TAAGK T, BREEALZWT 2/ BRE 8%
TDHARAAL L ZE, BRDT7 I VBEEELETDHA RAAL L EEBRT D (KA
A AT B I EEERRICEER R AL OO Z BT
(T RAL L RT B )S T RRLT IV BEEALT 4T 0y
& L7ZNRP 245 h% L T 5, % 72 . mutasynthesis & V9 NRP #%E K5 B L T,
NyavA OB ThHIERIRT I /B 3,5-dihydroxylphenylglycine D45
WEG T EAREEI LN~ v EEKICH LT
3,5-dihydroxylphenylglycine ™8>0 L7057 I /AN LETERT 5 Z & T,
a7 I )BEELNT 7T ay sl LN a~s A Y UFERNER S
nNaZeEnmbnTnD 7 2ok 5L T NRPS &AW H LAY DAL
M iToN T, 57 I JBee LT oo 77 ay 7 L LEXTTFR
AL A DB D FTREMENHRE SN TWD, WThOFESL A RAAL I2BT
5B A EN T A TH D, DFED . NRPS N ED L 9 2 {bEW & Bk
THDONFHMMAEIT O E T, A RAA L ORERBRIEONT N EETH D,

ZDH, TIVETIZ A RAAL OEBEMIT FIEDPEZ B INTWD
(Figure 1-2), Z=DORFEM 2 FIEDO—2/X ATP-PP; 7 vt A4 THDH, ZIUTA R
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A AV COR R REEMBEE IR 2 FikTd b, [PP]-PP FIEF T A
RA A COREEMBLSIC L V-T2, £72134m L7=[PP]-PPi. [*P]-ATP
EREST D T, TORERRME L ORERIEIEE T 2 P, RS,
PERINLIRZ WD FikE LT, Eilfbasn=7 I JBEZFH L, 207 2 /i
DB AHZ N BRHMET 205055 P, UL, BEHERMEZ AV 5720
ZOIYPNTITHEEEZET D, MesG 7 v AT A RAA U TORERNILT
B S5 PPiICE A L, £ D% DOEEZRBIRIT K D MesG D43 fRpEY) DWW %
FEHEIZ A R A A OIERF RN R OBERTEE AT LT D 2 Z o 53k13E8l
IS AVLRTNDE D, MUSHERBWKIEZI A5 Z EREEL WV, [FERIC

WZHEH LEFEC~ T A N7V —rvaRAnERTikbd 5 Y, £, &
ERNHEFS U2 NRPS £ 22— /L% LC-MS/MS T35 Z & T, A KAA VR
HEL LT 2 ) W& fEHTT % PPant ejection 7 v & A N5 2, 7 /A H
FFLT7F R A Ik L7z NRPS £ ¥ = — /L& LC-MS/MS fi#itfi4 2 &, &2
7 F Rt Oz NRPS € ¥ = — /L) 5 PPant 3% > CTHiffE L7=, PPant &1
FEnieTr I VBRTF A AT VLTI LEMD MS DI cE 5, £/, 20
{EEWZIZBIZY VB OBBEL 72 MS BEllESND, ZO BEREOSFED
WL ZFES MS D4y B 5, PPant KUHZHEF SN TW LA O TN TX
Do ZOHFEITERMTITAERETHDLZ L, £, RSN EEZT T
1372 <, BEREWTEY A ENER SN FUS T REOMENT & FEETH 5, MS IZ
L BT HE L LT, v-B04ATP V2 DL & 0 | TR A TE % 3,

LML, 2ZETIZHIT I TR X X7 ETOREM
REZR A R A A OIERFRIEMITIETH O EED A KA A V&£ 5D NRPS
BV 2 — LTI TE RV, o, HEDOA FAA U ZFZTe NRPS A R A
A VTR Bl NRPS OBEEEMEITICIB W T, THE TR T TE 2
BA T T TIEC L 5 B R COMITIIRNEETSH 5, 775, NRPS
IZE K72 X VRV ETH D72, 22THD NRPS ORI X —ZHE L, B
EEICKDHE, BFRLZE L TOBEERRLMER L T D IRIET RV, £0D
7o OARMEFE TITNAEME NRPS &3 T HER I rTRE 72, il Titlid 72 NRPS
DM FE ) B R M RAT TR 2 BT H 2 & & LT,
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- Metabolic engineering

HO _O
WNHy — W © w
5.0 > I,N\:)Lu N\i)k’
R, 0 R,

- A-domain swapping
L-Val specific
A-domain ’

[‘j °

NH,

ol oo

- Mutasynthesis

Mutant microorganism /;/

knockout of the biosynthetic gene
of vancomycin substrate

Compound constructed
by non-native amino acid

Figure 1-1. Introduction of non-natural amino acids into NRPs.
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- ATP-PP; exchange assay

®
o o f
0H — \I)L J
NH, mMg2* NH,
[3%P)-PP; Ho" “OH
Amino acid Aminoacyl-AMP
- MesG assay
NH,

®

(o]
R \HL OH ﬁ
M92+
ATP PP,

(o]
0: ,0 (/
P.o

% 7‘?

NH,
HO OH NH,0H
Amino acid Aminoacyl-AMP
Pyrophosphatase

s
\. . . o. .0
N N Purine nucleoside S p
¢l ’)\ . P phosphorylase \N NH . HO o 0” "OH

RS 2. GL X e
N .
~ N, Ho' ‘oW
HO OH
AbS oy = 360 nm
MesG mex
- PPant ejection assay
° @ detection detection
HO,
) HO- P o
0-P:0
o
5—0»{ PPant ejection Pant ejection
o - by tandem MS spectrometry -NHz (-98 Da)
—p
o o

:
o

NH,

Figure 1-2. Methods to assess the enzymatic activities of the A-domains of NRPSs.
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[ 3% & B9 activity-based protein profiling (ABPP) (22> \T]

AHFFETIL A A A OFERFRMMNTIE S LT, BEAH) ABPP (1T X DRt
ORI 7 B L72, ABPP & (3, BEE D A I = X LTIKAF UIKEET L% 7 1
— T H AV, T A= RINBEEED X R ORISR T OEEETE M DR
Miz4T 9 HIETH D 2, UHFRE TIX, ERNE S TR 58I PTHE72 NRPS
DA R A A ATKT DIEMEALFR A% 7" 17—~ (aminoacyl-AMS-BPyne, 1-5) %
B LT 5 (Figure 1-3)", 2O 70— 7 I ) T -AMS U B FE L
TWb, TI T V-AMS IZ A RAAL U THKSIND BGETRETH D
T X )T VIV-AMP OEWTFRIFEMETH D A R A A K L TEmWBIFME %
RTHAIEERE L THHN TS, 7/ 7 2 L-AMS 1T L-Ala-AMS O 7
T =D 2 AL CLIKE LT Streptomyces sp.7> 5 HfE S 4172 ascamycin (ZH %
%, 72T Y IVARNA AREEFIISOSHRIIA L LTT 2/ 7 2 L-AMP %Ak
T 5, ZNFETIZ L-Gly X° L-Ala, L-Thr 72 W< 20D 7T 2 REEEEROE
i, KOZEDT X ) T VVARNA AR LEEES R S Tng 2H3 2 Fis
7 X ) T VV-tRNA G kSR ERIEEIZ T 2/ 7 L-AMP 2 /% 5 NRPS © A
RAALVOEARAE L THRESTWD %3 MAFZER T1 L-Phe-AMS,
L-Pro-AMS, L-Val-AMS, L-Orn-AMS, L-Leu-AMS 2MEVEFINZFEAAL Y 0 —7 &
AT A AL VIHEENA AT H 2L 2R LTWES Y, 73 7 2 L-AMS
DTa—TIZHTD T I )T VIN-AMS OT 7 ) D2 U o —E
EHELTEY, XUy 7z ) UERBT LT HMEEAL TS, T/
TUN-AMS 1L A RAAL EIFERHELZT L2V, £D1O, JEEELE b
ORUY T2 ) U EBEANTHIET UV BHICL > TEEL T X I E
EHFREE AR T 5, £ LT, Kl 7 /L 12 Huisgen BRALATIIUSNIZ L - T
B TFEEANTDHIET, MIERFREE 2D, 2O m—T | TRHERITE N
TUHY REOT I JEEANIEZ D 2 & THEAXZRNFEME NRPS O A KA A
Z EEIREICR I ATRE T d 5,

o7 —T7DY Ty REZICHYTHT I ) T2 -AMS (£ A RAA T
X AHRERICTHD, T T UN-AMS b ET-, B A2 O T 2/ BRI
HMEBEHT LD THART I VBRELEE LT D A RAAL ORFEAIZ AR
BThD, T7obb, £HT I VBASHAZ L OT I /7 L I/L-AMS Z Wiz A
RAAL VHEBERE A RAA ST DIEMEALIE MR 7 0 — 7 2l A abE i
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BOH) ABPP 2179 2 & T, WEM T a7 A —MIFET DA A RAAL v
D FE R RNE A — LI THEBICFHMEIC X 5 &5 2 7= (Figure 1-4), & 2 CTAMFY
T, FHLEWMTH D L-Asn-AMS LY L-GIn-AMS #1272 19 FEOKIKT
J B M ONL-Om OMIGTMEIEEZ /T 57 I ) T2 -AMSIZE D A RA A VIHHE
HT7A 77V —%MEL, BAH ABPP |2 X DKM kD217 2 & &
L 72 (Scheme 1-1),

15



00~ .0 <f' |\N
J s 2 o
(0] (0]
H
< % /\/\/N Jj\/\///

Aminoacyl-AMS-BPyne

oY AR e
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Figure 1-3. Structures of active site-directed proteomic probes for A-domains.
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Figure 1-4. Functional profiling of the A-domains in NRPSs.
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N \
0..0 ¢ N 1) Cs,CO,4 o NN
o st J DMF, rt 0,...0 A
J + HN 0“(17" N - RJLN‘S"O 0<N Nr)
R”OSu 2) TFAH,0 (4:1), rt H
~ or TFAH,0/TIS (90:5:5) _‘(_7
958 HO' ‘OH
6 Aminoacyl-AMS
@ Ay AR
NH, NH NH, NH, NH, NH, NH, NH,
L-Phe (7) L-Pro (8) L-Orn (9) Gly (10) L-Ala(11) L-Val (12) L-Leu(13) L-lle (14)
o) OH
HoN : s
= O NH, NH, NH, NH, NH; o NH, HN NH,
L-Asn (15) L-GlIn (16) L-Ser (17) L-Thr (18) L-Met (19) L-Tyr (20) L-Trp (21)
o NH
HO HO'U\/\)\ ”zNW HZNJ‘N’\/\)\ IR
0 NH, NH, NH, NH, \=N NH,
L-Asp (22) L-Glu (23) L-Lys (24) L-Arg (25) L-His (26)

Scheme 1-1. Synthesis of aminoacyl-AMS inhibitors.
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[T 073N -AMSZHWIZ A AL VIHERSA T Y —DER]

IZUOIZ, T/ TI-AMS [HEAIZ A4 77 U —OEZ BRI 19 O K
KT X MY L-Om ORISHEH#EEL 2T I ) 7 2 L-AMS &5 LT-
(Scheme 1-1), ZAVETIZ, kix RAIBEHEEZ DT X/ T 2 IL-AMS 37
J T VV-RNA BIFEERB L ONA AL OB EAIE LTRSS T
7oo KW TR OB ITIEOF N STEA DT X 7 7 vV -AMS O & AL B
PEASE &I L7 FRLO B R TE TIT o T2,

7T vk EEE L TBEFORRKIEESEBIC, 2/3-TE N A RAL
TrEANTT )V (6) ALY, ARRLET T U UFBER (6) L.
Boc 55R° Trt JE 72 YRS T CHURGE T RE R RGEE CIREE S N7/ FET X /8
DAY A I REAT)VERERE > 7 AF/E T DMF I CHiEe LG L7zl
BHFONIAFET X /7 2 V-AMS OPR#EIR%Z TFA T CTHlifR#E L. BHRYD 20 flED
72 BOMBEEE AT ST I ) T VIL-AMS (7-26) AR LT-, 2K
D, T TVN-AMS HERI T A 77 U —OREFEZ ERK LT, RAERKITIEIEA
7'F FEAEHIEICE DN A REREH N TIT->TEB Y, ARG LT 19D
FIRT 2 BN L-Om DUSDIERIRT 2 OMEE 26357 ) 7L
-AMS OEFRICHEHAIRE TH D Z ENWIFF S5,

[ NEM GrsA ZHEH) & L 7= %S5 #) ABPP]

BEAEY ABPP I X o THLENE NRPS D A R A A > O FE RN 2 5T 7T RE ©
HDHPENCE L TR EITo T2, ZORMEZTT 9 %5 & L T gramicidine S @
A SR 28R L7z (Figure 1-5), Gramicidine S Id Aneurinibacillus migulanus
ATCC 9999 <> DSM5759 MWPEATHZ E R BHHLH NRP TH Y, DD NRPS
GrsA X O GrsB IZ Lo THAEAREINDE T IXRTF RTHDH, GrsA 1T
A(L-Phe)-CP-E D =>D R A A L EHETe—DDEY 2 — ML > TR S, &
DA RAALNFL-Phe ZHE LT 5, £/2, GsAlZVar v rr hF oI H
ELTCHREAIBECTH D, £ Z T, L-Phe-AMS-BPyne (1) &7 2 / 7 2 /L-AMS [l
EHRNT AT TV —ERHOTHRAEMNFEL LIZNTENE GrsA KOV 2 B2 b
GrsA |ZxF 9 B iAW) ABPP 21T\, ZOFEREZ LIRS 5 2 & TRrMliZ1T > 7=,
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Gramicidine S % A2 PEE Aneurinibacillus migulanus ATCC 9999 Z 1538 L | % O##
fasbHRIcx LT, AR L7 20 DT 2/ 7 L L-AMS FLEA] (% 100 uM) %
TNENWH LT, £D#% ., L-Phe ZHEH L35 A FAA ORI AL~

n—7>7 (1,1 uM) Z{EM &8/ (Figure 1-6), 365nm @ UV Z MRS L, )2
NTE EIERES 2% . Huisgen BRALMIKIGSEH T TH 7oL LT
TAMRA-N; Z I/ L7z, SDS-PAGE (2L > TH U\ 7 E %58, Sk S
NI H R BreE ATy Ik > TBIE LT (Figure 1-7), ZOREHE, 5
DT 2 ) T ¥ IV-AMS [L-Phe-AMS (7), L-Leu-AMS (13), L-Met-AMS (19),
L-Trp-AMS (20), L-His-AMS (26)] Z{EH S E72L—2TFu—712 XK % GrsA ©
EERAE DR E S, DL EDORER G, WTEME GrsA @ A RA A Zxf LT
L-Phe-AMS (7). L-Leu-AMS (13)., L-Met-AMS (19). L-Trp-AMS (21) K& O}
L-His-AMS (26) [TEFPEZ R 2 E NSRBI LTz,

ZZ T, BHERALNZS ODOT I ) T VIL-AMS (7,13, 19, 21, 26) & [HLER
R 572> 72 L-Thr-AMS (18) & L-Lys-AMS (24) % fW T, &ML EAEE T
DA ABPP |2 X HHEFk F o e b 285 L, £ 2 BHEAID 1Cs
ZH M L7 (Figure 1-8), = DfEH. ICs L L-Phe-AMS (7): 0.38 £ 0.14 pM,
L-Leu-AMS (13): 23.0 = 0.12 uM, L-Met-AMS (19): 27.2 £ 0.22 pM, L-Trp-AMS
(21): 9.90 = 0.13 uM. L-His-AMS (26): 126 + 0.18 uM T - 7= (Table 1-1),
L-Thr-AMS (18) & L-Lys-AMS (24) % 7255 H) ABPP EBROFE R T, BiE
FliEEZ 1mM £ TEL LTHIER RSN -T2,

WTEME GrsA 1269 28 AR ABPP OFERZFHMET 5720, Var etk
GrsA Z W B 5/ ABPP Of R L i+ 52 & & L, LY a5
> B holo-GrsA IZxf L C20FD T I 7 7 L V-AMS (7-26) #{EH & H7-DHIZ
L-Phe-AMS-BPyne (1) Z{EH ¥, DO b A4 5t L7z (Figure 1-9), & DfH
B, NEM GrsA L RIFRIC S DD T 2/ 7 2 /L-AMS [L-Phe-AMS (7). L-Leu-AMS
(13). L-Met-AMS (19), L-Trp-AMS (21). L-His-AMS (26)] Z{EH &¥7=1—2 T
L-Phe-AMS-BPyne (1) (2L 5 U 2 ) b GrsA O LN HE S NTZ, oL
[F£RIZ L-Phe-AMS (7). L-Leu-AMS (13). L-Met-AMS (19). L-Trp-AMS (21).
L-His-AMS (26) K OBHEMN R S22/ > 72 L-Thr-AMS (18). L-Lys-AMS (24) %
WL EARE I X DR L OO 2k b, BiEH ABPP (2L 5V 3
EF YR GrsA IZkTH 7507 I T U IL-AMS @ 1Cso % L7 (Figure
1-10), Z Dt 1Cs0 1 L-Phe-AMS (7): 0.24 £ 0.04 uM, L-Leu-AMS (13): 10.0 =+
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0.11 uM, L-Met-AMS (19): 9.86 = 0.09 uM, L-Trp-AMS (21): 1.51 = 0.20 uM,
L-His-AMS (26): 49.9 = 0.27 uM T > 7= (Tablel-1), WNIEME GrsA & T4
B L [RERIZ L-Thr-AMS (18) & TV L-Lys-AMS (24) TIXICso # B TE o7z,
WTEME GrsA & U =2 B b GrsA 1235 2 BE45H9 ABPP 7 b B H U 72 & fHL5E
D 1Cso DIEZ B LT Z A, FBRITES —H L (L-Phe-AMS <<
L-Trp-AMS < L-Leu-AMS, L-Met-AMS < L-His-AMS << L-Thr-AMS, L-Lys-AMS),
T, BEFDA R A A OEERIEVERIEHIETH HMesGT v A ZH W
Ja v ) FGrsADA R A A OEREF M ATV, ZOR R & i L7
(Table 1-2), BEAMIABPPORER NG GrsADA R A A U3 E & L CRikT 5
AIREMEDS R S5 2D T X /B (L-Phe, L-Leu, L-Met, L-Trp, L-His) M OHE
MR SRS T EROT X /B (L-Thr, L-Lys) %2R LT BT 217> 72,
A MABPP CHW T WA T 2 ) T U L-AMSIZ, A KA A THR SN DB
JEHERERE L= b D TH D, D, BEREORE I T 2 8L /RS
KanDIEN 5 L 21T - 72, 15 B Ve Kn D AEIZL-Phe T24.8 uyMTdH 5 — 7, L-Leu,
L-Met, L-Trp. L-His{$2.85 mM, 18.5mM, 1.49mM, 17.5mM T o7z, L7
ST, GrsADA R A A NIDT I 7 f & e L-PheZ i 12 HEH & L TRk L
TWNHEWVWR D, £72. L-MetL-HislZ b RL-LeuSPL-Trp D Koy DAE L6571 512
f51E K< L L-ThrPL-Lys DK DIEIFZHNE LIofho T I BRI~ TE THRE
BHDLZWIE, MIEARFRETH T2, T OFERIINEMEL Y 22 B hGrsA
ZHWIZHBERIABPP TORER & K< HET 52D THSD (ABPP: L-Phe-AMS
<<L-Trp-AMS < L-Leu-AMS, L-Met-AMS <L-His-AMS << L-Thr-AMS, L-Lys-AMS,
MesG: L-Phe-AMS << L-Trp-AMS < L-Leu-AMS < L-Met-AMS, L-His-AMS <<
L-Thr-AMS, L-Lys-AMS), LA EDOFERG | BEAHIABPPIZ L 57 2/ FR{AIEHES
DEIRDHEHET X ) T 2 IV-AMSDICso DED LI 22 5 A K A A > DI R Ak
RIS RTRE CTH D Z LR LN o T,
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GrsA (127 kDa) GrsB (508 kDa)

L-Phe L-Pro L-Orn
e L-Val L-Leu
00 Soes Y Heoes
A = oy oj,m °y : oj,g
TE) H;N]é) O/L\ |/ /jz(& HNn, 0\;‘:{\0

D-Phe L-Pro L-Val ©/
@ - o*
NH,

L- Leu (%—NH uN {fL -Orn ©/ NHR

L -Leu
00 HN
NH HN
L0 D-Phe
m L-Val L-Pro

Gramicidin S
producer: Aneurinibacillus migulanus ATCC 9999

Figure 1-5. Biosynthetic pathway of gramicidin S.

GrsA (127 kDa) GrsB (508 kDa)
L-Phe L-Pro L-Orn

L-Val L-Leu

o@ °°%o®°°%o@@
L- Pro-AMS- T L- Orn-AMS- T
BPyne (2) BPyne (4)
L-Phe-AMS- L-Val-AMS- L-Leu-AMS-
BPyne (1) BPyne (3) BPyne (5)

Figure 1-6. Active site-directed probes for the labeling of A-domains.
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Aminoacyl-AMS

- FPONG AV L I NQ S TMYWDE KR H
kDa (7) (8) (9) (10)(11)(12)(13)(14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26)

150
GrsA

7

6 FL
150

GrsA
76 CBB

Figure 1-7. Competitive ABPP for the A-domain of endogenous GrsA. (Probe 1: 1
uM, aminoacyl-AMS: 100 uM)

Inhibitor conc. - 10 1 05 0.1 0.05 0.010.005 0 001 - 0.5 0.1 0.05 0.01 0.005 0.001 (uM)

e EL L SEEEEE |_

Inhibitor conc. - 1000 500 100 50 10 1 0.1 - 1000 500 100 50 0.01 (uM)

T » ’TYTTY
P mmnm
L-Tl'(;;:II;MS | &2 -h = = | - - e

- S SESINNESSEE —
SN R ——
e

Figure 1-8. Dose-response competitive ABPP for the A-domain of endogenous
GrsA. (Probe 1: 1 uM)
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Aminoacyl-AMS

- F PONG AV L I NQ S T M Y WD E KR H
kDa (7) (8) (9) (10)(11)(12)(13)(14)(15)(16)(17)(18) (19) (20)(21) (22) (23) (24) (25) (26)
200 —
GrsA — — — ———— —— ———— -— —— — —
97 —
FL
200 —
GrsA e e e e — e e — e e - e ——— — — —
97 —
CBB

Figure 1-9. Competitive ABPP for the A-domain of the A-domain of recombinant
GrsA. (Probe 1: 1 uM, aminoacyl-AMS: 100 uM)

Inhibitorcone. - 10 1 0.5 0.1 0.05 0.01 0.005 0001 - 10 1 0.5 0.1 0.05 0.01 0.005 0.001 (uM)
L-Ph(e7-)AMS - P
Inhibitor conc. - 1000 500 100 50 10 1 0.1 0.01 - 1000 500 100 50 10 1 0.1 0.01 (uM)
LLEU-AMS | g B ———
(13)
L-Met-AMS
(19) .- e e e
L'T'(‘;‘)\Ms -— R —
L-HIS-AMS | gy
(26)
L-T*(‘;:)«MS L e e
L-Lys-AMS LR
24) B B e e . S

FL CBB

Figure 1-10. Dose-response competitive ABPP for the A-domain of recmbinant
GrsA. (Probe 1: 1 uM)
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Table 1-1. Dose-response competitive ABPP experiments to assess the selectivity of
L-Phe-AMS (7), L-Leu-AMS (8), L-Met-AMS (19), L-Trp-AMS (21), L-His-AMS
(26), L-Thr-AMS (18) and L-Lys-AMS (24) toward the A-domains of endogenous

and recombinant GrsA.

ICs0 (UM)
inhibitor
endogenous GrsA recombinant GrsA
L-Phe-AMS 0.38 £0.14 0.24 £ 0.04
...... LLeuAM3230i0121001011
L-Met-AMS 27.2£0.22 9.86 £ 0.09
L-Trp-AMS 9.90%£0.13 1.51£0.20
L-His-AMS 126 £ 0.18 49.9 £ 0.27
...... LThrAMShdnd
L-Lys-AMS n.d. n.d.

n.d. = not detected.
Table 1-2. Catalytic parameters of the adenylation reaction catalyzed by the

A-domain of recombinant GrsA®.

substrate keat [min-'] K [mM] keat/Km [mMM-"min-']
L-Phe 500 £ 12 0.0248 + 0.0023 20161 £ 5217
LLeusogio‘m ........ zsst 057 ........ 179i071
L-Met 35.8+21 18.5+3.3 1.92+0.17
L-Trp 5.98 +0.43 1.49*0.19 402+22
L-His 1.56 £ 0.09 17.5% 3.0 0.089 £ 0.0037
e LThr251to39 .......... 246i 69 ....... 0011 i 00007
L-Lys n.d.p n.d.p n.d.

* Kinetic parameters were determined by a coupled hydroxamate-MesG continuous spectrophotometric assay.

Errors were given as the standard deviateon of multiple independent measurements. ®n.d. = not detected.
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[GrsB % FV 7= NTEME NRPS DB A& H) ABPP (2 & 5 FEMic >\ T

WRIZ GrsB & W25t 61 ABPP IZ X 25t 521T->7-, GrsB i 4 DDEV =
K> THIL S LD NRPS TH Y, £D72H 4 DD A RAA % 6D 508
kDa DERKHZ VXV ETHDH, TNEILD A KA A L, L-Pro, L-Val, L-Om,
L-Leu #ZE & LTRRET 2 ENMBNATND, I T, 4O A RAA

(R DI R T e —7 (2,3,4,5) O TENENLD A KA A C
x4 % WA ABPP 21T 7= (Figure 1-11), Aneurinibacillus migulanus DSM 5759
O AR IR LT & Rk DBEZ 1T - 72,

L-Pro-AMS-BPyne (2) % W 72#E 5, GrsB Mk L XL, L-Pro-AMS (8) T
I F OFEFA DL EN B Sz, GrsA OFF L [FEEEIC, NTEME GrsB 2% LT
L-Pro-AMS (8) M OMHEN B 517255 72 L-Om-AMS (9). L-GIn-AMS (16) %
W VR TE DRI 217 > 7= (Figure 1-12), Z DfEH, L-Pro-AMS (8) @ ICso I
0.29 * 0.09 uM T o7 (Table 1-3), —J7,L-Orn-AMS (9) M O L-GIn-AMS (16)

ELEERA NN T, ZOfRE GrsB O—2HDE Y 2 — /L L [Alkk,
L-Pro Z5E L35 A KA A & ETe tyrocidine O NRPS £ =2 — /L THDH U =
B2 b TyeB, # W 285 H) ABPP O R & bbik L 7= (Figure 1-13 and 14,
Table 1-3), = DFER, WEME GrsB & U =2 B b TyceB; IZ%9 % L-Pro-AMS

D ICso 1T L —FH L7z, TIH A RAAL NTHHREERE N ERNF LN TND
ZEND, ZOBAN ABPP IZ X DFHIA Y THDH Z Enbnd B,

L-Orn-AMS-BPyne (4) % W 72fE 58, L-Om-AMS (9) DOfiZ L-GIn-AMS (16).
L-Lys-AMS (24), L-Arg-AMS (25) T® HFREEOMHE MBI S (Figure 1-11),
HBREHI D ICso 1% L-Orn-AMS (9): 18.5 + 2.6 nM, L-GIn-AMS (16): 139 * 0.33
UM, L-Lys-AMS (24): 8.2 = 0.14 uM, L-Arg-AMS (25):4.6 = 0.15uM TodH o7z
(Figure 1-15, Table 1-4), L-Omn ZHEH T 5 A RAAL DA RAA L a— o
T, 278 FHH D Glu F%5E & 322 F H D Ser BN EFRHRICEE CTH D 2 &3
5TV D (Figure 1-18)°%, Glu & A /LR % 2 H AN IEMEERAL O o CRFEA A AEH
52 LT, EELEARD Om L EWBLAIM A R T, HSAF X Lysobactor
enzymogenes 3FEAET H NRP THY LD E LT 4771y 7|2 L-Om 25T
B, % D HSAF A4 il D L-Om & B &35 A KA A 2 L-Om OfIZ L-Lys

W2kt L CH AR Z SO Z LML NTWD, FDT2d, AW THEN A
H A7 L-Lys-AMS (24), L-Arg-AMS (25) % L-Orn-AMS (9) [RIER, {EPEFAL T Glu
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CEHEMAERZ T Z ETCHENRONIZEEZX L X2 T2, LA > T, GrsB
DL-OmZIEETDHA RAAH, L-Om, L-Lys, L-Gln XN L-Arg Z3E L

TR 5 Z LR ST,

L-Val-AMS-BPyne (3) % O' L-Leu-AMS-BPyne (5) # W /=HE %, 3 <k
L-Val-AMS (12) OffiiZ L-Leu-AMS (13), L-Ile-AMS (14), L-Met-AMS (19),
L-Trp-AMS (21), L-His-AMS (26) T & [HEBIL2 41,5 TlE L-Leu-AMS (13) &
fth1Z L-Ala-AMS (11),L-Met-AMS (19) T HENBLEE Iz (Figure 1-11), L-Val
BEEETDH A RAAL ATKT HEBEHR D 1Cs 1% L-Val-AMS (12): 0.11 =
0.04 pM, L-Leu-AMS (13): 2.8 = 0.23 uM, L-Ile-AMS (14): 6.0 = 0.10 pM,
L-Met-AMS (19): 0.42 * 0.08 pM, L-Trp-AMS (20): 0.65 *+ 0.04 uM, L-His-AMS
(26): 2.2 = 0.28 uM T > 7= (Figure 1-16, Table 1-5), —J7® L-Leu & & &9
5 A RAAL KT DELERID ICs 1% L-Leu-AMS (13): 1.7 = 0.09 nM,
L-Met-AMS (19): 2.7 = 0.22 uM TH Y | L-Ala-AMS (11) TIXFLE O 7138122
S7e o 7o (Figure 1-17, Table 1-6), LA EDOFERI G| L-Val, L-Leu #3LE &
T5A RAATEBICEE LT 27 2 7 BUA LR L TV D LR sz,
TIH A RAAL 3T X RICHER REEZ AT A RAAL L B
KEFHAERICL > TT I/ BEFRE L TWAH D, BREMEWNEEZ O
%, MEMIZ surfactin A @ NRPS T#H 5 SrfA-A. StfA-B. SrfA-C @ L-Leu % J&/E
ETD A RAAL D, ARWOARBENEZ2 285 L-Val & L-lle 5B L 55 2 & 23Van
S5NTEY **, SIfA-B D L-Val ZHE L T5 A AL b E, Llle ZbTh
RINHIE L LTHRMT 5 P, 2o, BAR ABPP (2L > TASRDILE &
X2 DT I VBAIBEESOT I 2 7V IL-AMS THHEFEENRRONT- L E X
bivd,

W) ABPP IZ XD A R A A OMFEFEREMATHAN & Bin T LFHIFEL
MAGDOEDLZET, A FAAL VOEERBROEEZH LT HFERMNDIC
RHZ ENMIRESND,
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Aminoacyl-AMS

- FPONG AV LI NOQSTMYWDETIKTR RH
() (8) (9) (10)(11)(12)(13)(14)(15)(16)(17)(18)(19)(20)(21)(22)(23)(24)(25)(26)
- . | FL
GrsB:Probe 2
(Pro A-domain)
CBB
FL
GrsB:Probe 3
(Val A-domain) — —
CBB
b - — — e e gt g M o e B | FL
GrsB:Probe 4
(Orn A-domain)
CBB
—————— - - — FL
GrsB:Probe 5
(Leu A-domain)
CBB

Figure 1-11. Competitive ABPP for the A-domain of endogenous GrsB. (Probe: 1
puM, aminoacyl-AMS: 100 uM)

N N N o
8 A N & & ® S A N & O & O
Inhibitor conc. N N o S o N N o QQ Q° (uM)
L-Prrs-;\MS
Inhibitor conc. - 1000 500 100 50 10 1 0.1 - 1000 500 100 50 10 1 0.1 (uM)
L-Orn-AMS
(9)
L-GIn-AMS
(16)
FL CBB

Figure 1-12. Dose-response competitive ABPP for the L-Pro-activating domain of

endogenous GrsB. (Probe 2: 1 uM)
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Aminoacyl-AMS

- FPOnG A I VLNQSTMYWDTEIKRH

D (7) (8) (9) (10)(11)(12)(13)(14)(15)(16)(17)(18)(19)(20)(21)(22)(23)(24)(25)(26)
a
160 —
TycB1
97 —

— — By S ey G G G G R S ey e e G G GRS G — —

FL

160 —
TycB1
97 —

CBB

Figure 1-13. Competitive ABPP for the A-domain of recombinant TycB;. (Probe 2:
I uM, aminoacyl-AMS: 100 uM)

Inhibitor conc. - 100 10 1 0.1 0.01 0.001 - 100 10 1 04 0.01 0.001 (uM)
L-Pr(()é)AMS “ — - - - onD Gab ¢

Inhibitor conc. - 1000 500 100 50 10 1 01 - 1000 500 100 50 10 1 0.1 (uM)
L-Or?g-)AMS SN SN S SR SN SN SN SN . >

LT |- —————— - .

FL cBB
Figure 1-14. Dose-response competitive ABPP for the A-domain of recombinant
TycB;. (Probe 2: 1 uM)

28



Inhibitor conc.
L-Orn-AMS
)
Inhibitor conc.
L-GIn-AMS
(16)

L-Lys-AMS
(24)

L-Arg-AMS
(25)

(HM)

A N A N

O S Qg" Q.@ Q.@“ RO SN Qp" Q.@ 09@
-—— — s — — — 4

- 1000 500 100 50 10 1 0.1 - 1000 500 100 50 10 1 0.1
— el el
-—— - - —_——— 4|
- -——

FL

CBB

Figure 1-15. Competitive ABPP for the A-domain of the L-Orn-activating domain
of endogenous GrsB. (Probe 4: 1 uM)

Inhibitor conc.

L-Val-AMS
(12)

Inhibitor conc.

L-Leu-AMS
(13)

L-ILe-AMS
(14)

L-Met-AMS
(19)

L-Trp-AMS
(21)

L-His-AMS
(26)

S 0 N NSO o IN N §
. o IN » o o o o

N N ot ¥ ¥ S N AN Nt Y (S oS
. ] b — p— i—i

- 100 50 10 5 1 05 041 - 100 50 10 5 1 0.5 0.1

(HM)

FL

CBB

Figure 1-16. Competitive ABPP for the A-domain of the L-Val-activating domain of
endogenous GrsB. (Probe 3: 1 uM)
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A N A N
RN BN R N T S R R

Inhibitor conc. Q° ° ° Q (uM)
] - —— z -~ >
L-Leu-AMS L R s 3 "
(13) ; _
Inhibitor conc. - 100 50 10 5 1 0.5 041 - 100 50 10 5 1 0.5 0.1 (uM)
L-Met-AMS

(19) . ._ o wediss g

e IF“ e o -
FL

Figure 1-17. Competitive ABPP for the A-domain of the L-Leu-activating domain

of endogenous GrsB. (Probe 5: 1 uM)

CBB

Figure 1-18. Predicted structure for the specificity pocket of L-Orn-activating

A-domain.

Table 1-3. Dose-response competitive ABPP experiments to assess the selectivity of
L-Pro-AMS (8) toward the L-Pro-activating domain of endogenous GrsB and

recombinant TycB;.

ICso (M)
inhibitor " Sreb
endogenous Grs| .
(L-Pro-activating domain) recombinant TycB:
L-Pro-AMS 0.29 £ 0.09 0.69 £ 0.20
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Table 1-4. Dose-response competitive ABPP experiments to assess the selectivity of
L-Orn-AMS (9), L-GIn-AMS (16), L-Lys-AMS (24) and L-Arg-AMS (25) toward the

L-Orn-activating domain of endogenous GrsB.

ICs0 (UM)
Inhibitor
endogenous GrsB
(L-Orn-activating domain)

L-Orn-AMS 0.0185 * 0.0026
L-GIn-AMS 139 +£0.33
L-Lys-AMS 8.2+0.14
L-Arg-AMS 4.6 £0.15

Table 1-5. Dose-response competitive ABPP experiments to assess the selectivity of
L-Val-AMS (12), L-Leu-AMS (13), L-lIle-AMS (14), L-Met-AMS (19), L-Trp-AMS
(21) and L-His-AMS (26) toward the L-Orn-activating domain of endogenous GrsB.

ICso (UM)
Inhibitor
endogenous GrsB
(L-Val-activating domain)
L-Val-AMS 0.11 £0.04
L-Leu-AMS 28+0.23
L-lle-AMS 6.0 £0.10
L-Met-AMS 0.42 +0.08
L-Trp-AMS 0.65+0.04
L-His-AMS 2.2+0.28

Table 1-6. Dose-response competitive ABPP experiments to assess the selectivity of
L-Leu-AMS (13) and L-Met-AMS (19) toward the L-Leu-activating domain of

endogenous GrsB.

I1Cs0 (uM)
Inhibitor
endogenous GrsB
(L-Leu-activating domain)
L-Leu-AMS 0.0017 £ 0.00009
L-Met-AMS 2.7+0.22
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[ —FED/IE]

ARETITH 7272 NTEME NRPS ICHH ATREZe A R A A 2 DI R ERMEfRNT 77 15
& LT, BiAH ABPP OBAF AT o7z, A R A A OIEMEALRINAYBHE ST
LTI TIN-AMS T4 T TV —HHE L T A RAA AT DIEMEEL
Rl —7 LA GbE D Z L TH A RAAL CKRT 23 21T 572, W
FEMEL Y 22 b NRPS & W72 8EA W) ABPP & ONEAT O JE iy B iR
WHETHD MesG 7 v BAIT K DfERAZ BT LTz & 2 A, RBFSE THZE
L7565 ABPP IXINTEME NRPS 1&xF U CREfEIZ, & O ZEERE BAE ORI 23 7T
HRTHLZEZHOMNI L, KETBAFED A FA A o ORER RN KR OB
TEVEREA IS & 1382 0 | KHERICBWTHRED A KA A O A ATRETH 5,
D=, ZNETHRITDRETH T2 D A RAAL VR EEND NRPS O
A RAA VEEBNCFHMEFTRE T D, F o, AJEIX SDS-PAGE (2L 5 ¥ /X7
B OoyHE L O IR ORISR L DB AT A T & SRR RIS A
EHTHT I )T IVIV-AMS ZRHWDZ L TEICEBOT 2 BRICHT D5
ERERMEEZ T FTRETH D,

AVETRHER TV THAEME NRPS (ZH H ATREZRHTHL A N A A O SE R
PR FETH D, Bzl o0y 7o NTEME NRPS OfHA% 2. NRPS £V = —
NORE T, ORI A KA AV OIERERIEMAT N FREE 725, &K
EITEE - TP FE L OMMRIERIZE D . A FAAL ORI X
OBERE DFEM R AT ICR LD 2 E DI S 5,
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B_E
NRPS k% X7 E (CP) OBRZREMEZIER & LT
L F Y — LD BE 3%

JRJRPERF- & LT NRP % PEAET 29 A L2k L Cid, NRPS O#&iRE 4 il 4
THZERFHIREEE L THEDRTETHDL LV D ) ZRETICR M)
ST & 72 NRP OHFIIIHRFEMEEIC & > TRIFIER T & L CUERRIR 2% E %
RIETHLORH D, T OHAEY O IR OB 1399 R B O 993 78
OB R ZRETE 5 (Figure 2-1) 7759 Zo-w, Zh £ TIOHE
M O R E 2 —7 > b & LIZRIFEFE DM T Ol TV D, RIS O
TEMEAGIZE VT, NRPS @ CP ~ORERZREMNB LA TH D Z LM bBI TN D
U, LR o T, ZORRGEM 2B AT 2R IR AR IR T 2858
DT ThDH VR D, £ T, WMEHRNIZEIT S NRPS OFFREEA %
BT 2 FEAHIET 5 2 & T, BrHlPuE FE OB T M T 72 gl AR
FARETH D,

INFETIT, BIREIEEESE T D PPTase (21 > T NRPS @ CP ([ZHIEREE
fifi S #1172 PPant DR H F1ED BT STV 5 (Figure 2-2), & D —-> & L T, PPant
RIgDF A= NVIORENEEZRF Lo~ A 7r VT 7% 72— X 1k
Wird®, —HELT 7Ty bied 7 2 JEBIZE > T CP O PPant K
Sia T A AT NAAERICL ST A7 LIRS, ~A AT 772 —il3k L
LT~ A REEHSE, I XTCOFA—NEE~XIT5H, T LTTFA=
AT NVIELE KSR L . TSR R EGR S v~ A T v T 727 % —ik
WarT I /BT AZ LTWETFA— VLG EES, 20X T, A
RALUPREELE L TRVIAALET I JBRET A AT AEEEZERT S
PPant % S FINAAE AL 95 HiETH D, T DJEITI NRPS IZXf L TEED
REMENMETH Y, FATRATIVIEORLE S DEFRMENMELS | bk
FNLARZ WD T DO WVCEREZET S, Lo tMEARNSH D, Fiz,
RIS KX DRI TIENHE ST D, BIERIRERT S4L72 holo-NRPS &
Va—)VERARTZ AT T —ETHD AcpH, 72T HF ITL > T apo 1k
L7e#1Z, dOARR b CoA & PPTase Tdb % Bacillus subtilis FHR D Sfp (2L - T
apo-CP [T HHE AL 0 T2 BAT D HIETH D DY, ZoFikxEETH
%—J5 T, apo L DBRIZEFRALELIC X 5 AL HIBRSC HF AWPRIZ X 2 R TE M D1
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KPMERE LTETOND, BT, WThohiEbERInzs 78
T ORIRNTRIEZ2 1L CTd 0 AERN TOFRRRZIEA 2 BRI 5

ZLiFTERY, £72, EENDO NRPS O CP 134T PPant b SN TW 5, BEfF

DIHFETIEENHHEED CP B ICHN LR35 2 LN TE R0, D720,
AHFZETIENTENE NRPS % W - B89 7 CP OFRR SO 2 e & 5

DY —IVOREEITO Z & L LT,

34
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Figure 2-1. Post-translational modification of CP motif in NRPS.
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Figure 2-2. Analytical methods of CP motif in NRPS.
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[NRPS @ CP DEIREEM 2 BROICKRHT S 70 —7 D&RE]

NRPS @ CP OFERZEA 2 I+ 590 7Y — Vv Okt 217 - 72
(Figure 2-3), NRPS D A K A A >} (N CP C O RHEIN) 70 B 5 il i s 2 R FH 4 %
Z L L L7 (Figure3), A RAA U CIIAERNT — D LRERMICEIR LT
WL ATP INBT X ) 7 V-AMP 25T 5, B3 2% CP ICHERZER & L
TS AU72 PPant KD F A — VN TEMEL ST X 2 T 2 L-AMP O T &
NI U CREBEHBT S, 2LV CPEELT 477 uyl THhHT R
JBENT AT AT NAERETERT 5 2 LT NRPIZT 2/ 23 HEF 40 NRP &
FACFIH S5, ARFFETIE, 2D A RAA & CP [Tl Z 2 BRSO
ZRIH L7z CP OFFRZEM 2 BRI 2 07 7 0 —7 &Gt LT,

FTUN Y ROEREEHELE LT, NRPS D A RA A NI K-> TIN5 7
RBOT T = MERISDRISHEETH ST I ) T L-AMP ZEIR LTz, 7
2T UN-AMP RS HZ & TONRPS DA A A EHfEZRTEE X
7o A RAL NZE S THRENTET X/ T 2 IV-AMP OIEHAL S 727 vk
lZxt LC, B3 % CP L PPant KD F A — VN REK BT 5, £ T,
VT RDOBFIZE S>TT I )T 2 -AMP DT S IVERIZF ST HAEIC, <A
FNT IS RE—EANTHZ LT, TO~ATNT 72 —L LT
AR TIIE = VA NVR T I REZBIR L2, AR T I REBY gl
[FRED U AR EE & D7D, A RALANIEELE L TR E& 272,
F/-. B2V AR T R RO~ A ZNT 28 S E—THDHT ) e
AT IR, ESVT AT )L, BV AR E LR TREHEREN D
ERFBLNTND 0 ZHUCE D FHERITE T D IR B 7 SRR L & Fr
DL R EOREFAEN T 5NDZ EERE L, oz Enb, Ub v
R A RAASEBFIEEZRT L, £ LT, ~A AT 2787 H%—7 PPant
KU DF A — Ve L B I k> THF S 2T % = & TR b
EITTHEE X,

BB, F—Ty Mo e AREEEZAR LT T RotiZ Bl E LT,
TT DU NORGT VR EBHETLHIEE LT, ZHVETIZA RX

2t DI L 7 0 — T OB, TT S D 2~ D Y

CH—DBNIHFESNDZERHHL WD 2 Y 20w, U h—E0

MEEE L THRETHD LW LI, £/, e —T45F0OAK L, Efix
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BALLTWEWIFIERNDHY ., 7T /oD 20nb U h—E%EME L,
ZDV A —EE L THEBEOR T VAR LT, HEORMT VX %
BATLZETIT U FORBBEERELSEZ RN ERHIFFEND, T,
Huisgen BRALAIINIGC Lo TH RV E EEH S 7-%ICHiAx e X 7y 1%
BATE, L OFITICHWD ZENTE D, DD, A CIERIET v
XUMETT ) D UAITEATH L & LT,

AL TIL, L-Val O7 X VB 2655670 —>7 27 #3ELic, 7'
— 7 27T I IRHERIZIB N T L-Val ZHE L 925 NRPS D A R A A > OIEVEEALIC
faie L. BE9 % CP @ PPant L ARG AR 5 2 LIZ XV FrBAIZ CP ©
kLS FRE Td> 5 L HEMI L 7= (Figure 2-4),
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L-Val L-Val

L-Val-AMP

CMichaeI acceptor) CCIickabIe alkyne)

(o}
0. .0

S | |,
R ’VLN -Adenosine R~ ~S-N-Adenosine N 2 NS
H H O

co;

s 0..0 N3 ~NCCr
N . PN : Ry
O-Adenosine R O-Adenosine

* Tetrahedral geometry * TAMRA-azide
* Low electrophilicity

Figure 2-3. Design of probe 27 for native CP-motif in NRPS.

Holo-NRPS
Active

L-Val

Probe 27

L-Val L-Val

L-Val-AMS (12)

Figure 2-4. Labeling strategy of native CP-motif by probe 27.
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[Fu—7 271 D&E]

et L7z L-Val ©O7 2 BABHTEBEEZ L O E = VALK T I RTT /v
YEVAT RETH70—7 2T DEREAIToTe, E=/LZLR T I NE (32)
ETT )V (35) D oD T T T AL N EENTENAK L., KB TS
TAHZETHHO Y e —T 528+ 52 L L,

F9, BV ALKR T I RE (32) OERNAETT > 72 (Scheme 2-1), Boc-L-Val
EHREFEEE LT, VA4 L7 7 2 FMEd#%, DIBAL #-78 °C & FCEA &
HHZET, TATE NEK29 ~EFHE LT, W TEMEATF L ALEY 31 O
BREIT-T2 B, AZ U ANVK T FeHEmE L L, EFF 1% Boc £ T
L7, BoNbE® 30 12k LT LDA Z/EH&®, V7 2=k A7 4
V7 a ) Rkt U COREEBIREORT 5 2 & T, A TF L ALEY 31 #H57%
Lz, BONIIEEAF L ALEY 31 L2 L-Val D7 /L7 b RFEK 29 %
Horner-Wadsworth-Emmons i THEG L. AL 7 4 U EiEEKR LTz, T X
S>THBO L-Val DREEERZ & O E =L Z LR 7 3 RIK 32 2457~

W, TF )8 (35) DA AEIT 72 (Scheme 2-2), 77 / ¥ Z itk
ST, AR ARNRUEE 4 F =V AT )V E AW KRB ST L o
T2 - F = AR 33 157, RIZ 37,5 -/KEEKEL%Z TBS 2 CTHR#E L72%IZ, b
U7 v aligll Lo T SALRRICHRE L., MariBkETh27T 7 /) v Uik
BIK3S 21597, ARLIET T )V URFER3S LE= LV ZLAR T X NR32 &
WAL & » THEA L BBID 7 v — 7 (R#K 36 #437-, 36 % TFA :fF T
iR L= 2 A, BOZ n—7L TBS KL DIREMINE SN, £ I T,
IREMIZHR LT TBAF % VW TBS A& if# 41T, BIO7 0 —7 27 ©
B EER LTz,

AREBAEITBEVESAE I TR TR I RE R L OV U L R RGBSR CIRFES L
TR BERCDZ LT, o7 X RO E G e SRR AET 2 F T
L7 —7EICEARECTH D, DD, L-Val ITHEEREMEE AT D A K
AANZHEHET D CP ORZI BT, DT 2 WEEHFFT 5 CP ZiE E Lic
n—7 a5~ EEFETHD EF R D,
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BOC20 Ph2P(O)C|
TEA, DMAP LDA o}
¢s¢0 0¢S¢0 no,.o
~ " "NH, CH,Cly, rt ~ > *NHBoc THE, 75 °C PhP ST\ nBoc
. quant.
Methansulfonamide 30 ° 31
NHMe(OMe)-HCI
HBTU, HOBt, DIEA | DIBAL
BocHN OH BocHN N.
oc CH,Clj, rt oc OMe THF, -78 °C
o quant. o 55%
Boc-L-Val 28
31, LIHMDS Qg0
BocHN " DMF/THF (1:2), 1t “NHBoc
o o 1:2) NHBoc
29 32
Scheme 2-1. Synthesis of compound 32.
NH, NH,
Pent-4-yn-1-yl methylsulfonate TBSCI
NaH Imidazole

S

DMF/CH,Cl, (2:1), rt
7.1%

N N
¢ ]LA,)
HO o N°°N
_v CH,Cl,, 0°C tort
8 ()

1%

Ho' oM HO 0/\/\\\
Adenosine 33
NH, NH,
N N NN
¢ J Trichloroacetic acid ¢ J 32, DEAD, PhsP
TBSO o NN HO o N"°N
_‘(_7 THF/H,0 (4:1), rt _\_7 THF, rt
\__/ 75% \_/ 78%
TBSO © \\ TBSO ©O X
34 35
NH, NH,
N N N N
o. .0 N o. .0 N
s ¢ 1) TFA, CH,Cl,, 0°C s < f\,)
N\ o NN N\ o "N
NHBoc  Boc 2) TOB:\:F, THF NH,
°Ctort
-I-Bsoe "o/\/\\\ quant. H°¢ "o/\/\\\
36 Probe 27

Scheme 2-2. Synthesis of probe 27.
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[VU=oEF > F NRPS BV 2 — & AW Ei# L EER]

AL L-Val o7 v —7 (27) ORERHli 2175 ~<, V=aref o b
NRPS & = — /L OFEFA EBR 21T - -, FHlIC WS Y 22 B F > k NRPS &
¥ a—/v & LT Staphylococcus — aureus H3PEAET % NRP Tdb % aureusimine A O
B RREESR 23 IR LT (Figure 2-5), £ ®D—>H® NRPS £ =—/L AusA; IZ
L-Val B & L CGGRIT 2 A FAA V&2 ETe, TZ CRIBHEIZE - THI, K
B L72 NRPS £¥ 2 —/L AusA; ZHWVWTCEHMEZITH) Z & & Lim, £9°. BIER#%
B ST TUVRVY apo-AusAy 3681, KR L7z, KIT. apo-AusA; 7°6 Bacillus
subtilis 12k PPTase Td % Sfp & fifiliE3 CoA (2K o T holo-AusA, i L7,

X UDIZ, NRPS £ ¥ = —/LOFIFRZESM O A M L Db O 2 b & fEt L
7= (Figure 2-6), Apo-AusA; 2N holo-AusA (ZkF LT, TNENTa—7 (27) %
R 12 IR§fE], 25 °C TYEF S8 72, £ D%, KGR C Huisgen BRILAHINX
JESRAFIZAT LT r — 712 TAMRA-N; Z 1L, SDS-PAGE 7 /L TH /X7 g
BOEELHEEA X ¥ T TEOHNME DB EIT -T2, ZDFER, PPant K% Ff
72720 apo-AusA; 1F1F & A EHEFRAL S V72— 5T, PPant 5:%4 72 holo-AusA,
VIR < EOBEERR L Sv2, F£72. holo-AusA, 2k L T e — 7 4LER L [RIEERIC
NRPS @ L-Val ZHE L5255 A RAA LV OBRIRPIPLERTH 5 L-Val-AMS (12)
EHSEREE A, ToEEEFRITMZ oz, LEOERNG, r—7
Q7)) X DEHBIIZA AL U EN L THTONLTND Z EAURI NI, S 51T,
Z DFEFHRAEIZIZ CP @ PPant (LN EHE THH Z DB LN E R o T,

WIZ, 7 v —7 (27) & holo-AusA; & R\ THRERRAL S OFEM 7R3 21T o 72,
TRER D72 pH, 77— 7 OERREH, v —T7 ORED = RE M L
(Figure 2-7), FEMEHE D pH % 6.5 7> 8.5 £ T, 0.5 %A CTHRHE U 7= fR & 2 v
THE L RO G T ORERIL 2 e Uiz, & ORER, BatED O ISR (pH
6.5-7.0) TIEELERILR AR DN o Tz, —J7, LIRS T Tl b A3 7
SV, 1w pH RIS D220, £ OREEFALFRE N TR E HHOR b Tzin, JE
FERA 7RI K a0 E oMb Ao, v —7 OFEMLICEE T
bHEBEZ LD PPant KifisDF A4 — /LI pKa (the thiol pKa value of CoA:
9.83)Y ITIKIFL TWB EEZBND, LIER- T, Fu—7 (27) 12k =%
bt %2 pH8.0 & Lz, RICT r—7 (27) DAHEFE 2L S & 2
7. BERMRAFHNCAEGRAL ST L. 8 205 12 BRI TR L TV DR 0VBIER T
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Xl El. T u—TRER X /3T H holo-AusA; 1 uM (Zxf LT 10 uM. 20 uM,
50 uM, 100 uM & L7z & 2 A, 7'u— 7 BIERFINCZ OREGRIE RN En -
72 o RETETR O pH 8.0, 7" 11— 7 ALEREFRA] 12 BEfE) . 7" 1 — 7 IR holo-AusA, 1 pM

IZXF LT 100 pM D & & ZOERMERIRILT0 £ 11% TH DL Z Lol
(Figure 2-8),

WIZ, o) B F NRPS BV 22— /L& A R A A OB R
PEIZ L DEERAL DZALIZ DUV TR L7z (Figure 2-9), L-Val UADT X/ g%
BLTDHARAL G a2 NRPS BV 2— /LA HWT, Z0HE
b EMmE Lz, VU= B> b NRPS £V a—/L & LT, SEDERTHW-
AusA; I[ZA1Z ., aureusimine A DAEGKIERTH Y L-Tyr ZFEHETDH A RAA
CEEDH D —DODFY 2 —/b AusA, & tyrocidine DAEGKEESR TH Y L-Pro
BB LT D A RAAL U &ETe NRPS £V 2 —/L TyeB, 28R L7, ThETh
KIGEMIZ & 7B & UCTHR L, Bacillus subtilis F1°k PPTase T&h % Sfp
& Hlil% 3R CoA (2 &> T holo-AusA; & holo-TycB, Z i L7-, ZiLZ4ILD NRPS
TV 2—/L (350 nM) {ZxF LT, 100 uM @ L-Val Bl 7 v —7" (27) & OkEt
O R Lo S T TER S BT, ZOREER, WTiLd NRPS £V =2—/b
® CP b PPant fbZ SN TWDH D, TORERAGICZEDN R b7, <AL S
72 AusA | IZEEA | BV 728 6 AusA, THAERRIEDY L B 41, TyeB) 134 < Bk &
oz, AusAy D A R A A E L-Tyr-AMS (20) OAtiZ L-Val-AMS (12) C
LI HESND Z ENMbA TS [PPK=10 £ 1 (M), D70, 7o
—7 27) IT& 2T AusA, DFEEFLAS AT L2 2 L IIRUZEEZ HND,
—JF, L-Pro ZEH &5 TycBi D A FAA NIFE—EORKERNDS L-Val Z5LE
& L TUIFFRFAE T (Figure 1-11), KEBTOMR L IS —HT 2D TH 5,
LEDOFER NG, Ta—7  27) I K HHERAGITBEET D A R A A OIEFR
AR LEGRIE D EIT T2 Z E R s e, 2, ZO/MENL ZRET
DOFNREFRRRIC, 7a—7 27) 12X 5 CP OFEEFHRALIZ A KA A &I L CEiR
FICHETT LT D 2 L3 KR ST,
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AusA

AusA,
L-Val AusA;
L-Tyr

o oo@o L-Tyr
% A S
—— v B/\@
HZNI")\ e \‘IN OH

H,N
Aureusimine A
producer: Staphylococcus aureus

Figure 2-5. Biosynthetic pathway of aureusimine A.

Apo-AusAy + - -

Holo-AusA1 - + +
Probe 27 + + +
L-Val-AMS (12) - - +
AusAi .
FL
AusA+ S—
CBB

Figure 2-6. Labeling of recombinant AusA; with probe 27. SDS-PAGE analysis
depicting the labeling of 350 nM apo- and holo-AusA; in 20 mM Tris (pH 8.0) for
12 hr at 25 °C in either the absence or presence of 1 mM L-Val-AMS (12). Full gel
(Figure S2-3a) are provided in the SI (supporting information).
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(a)

pH 65 70 75 80 85
L-Val-AMS (12) - + - + - + - + - +
-— - W e T ™
FL
CBB
(b)
Time (h) - 05 1 2 4 8 12
e - - - Brobe + 100 M
FL
CBB
(c)
Probe 27 (uM) 10 20 50 100
L-Val-AMS (12) - + - + - + - +
| = - o | Fime 12
— ) FL

-————--——
CBB

Figure 2-7. Investigation of labeling conditions. (a) Determination of an optimal pH
for the labeling of holo-AusA,. Holo-AusA; (350 nM) was incubated with 100 uM
probe 27 in 20 mM Tris (pH 6.5-8.5) for 12 h at 25 °C in either the absence or
presence of 1 mM L-Val-AMS (12). Full gel (Figure S2-3b) are provided in the SI.
(b) Time-course study of the labeling of holo-AusA; with probe 27. SDS-PAGE
analysis denoting the labeling of 350 nM holo-AusA; in 20 mM Tris (pH 8.0) for
0.5-12 h at 25 °C with 100 uM probe 27. Full gel (Figure S2-3d) are provided in the
SI. (c) Concentration dependence of in vitro probe labeling of holo-AusA,.
Holo-AusA, (1 uM) was reacted with 10-100 uM probe 27 for 12 h at 25 °C in
either the absence or presence of 1 mM L-Val-AMS (12). Full gel (Figure S2-2) are
provided in the SI.
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Probe concentration (uM)
Figure 2-8. Labeling efficiency of recombinant #olo-AusA; by probe 27. Measured
by figure 2-7(c).

Probe 27 + + + + + +
Holo-AusA + + - - - -
L-Val-AMS (12) - + - - - -
Holo-AusA:2 - - + + — -
L-Tyr-AMS (20) - - - + - -
Holo-TycB1 - - - - + +
L-Pro-AMS (8) - - - - - +
FL
CBB
Holo-AusA1 Holo-AusA:; Holo-TycB1
-VaI -Tyr L- Pro

OOONENOO0)

/k')L rk M <, ! ’J C')L 0 <, I ’J
L-Val-AMS (12) L-Tyr-AMS (20) L-Pro-AMS (8)

Figure 2-9. Labeling specificity of probe 27. Holo-AusA; (350 nM), holo-AusA,
(350 nM), and holo-TycB; (350 nM) were treated 100 uM probe 27 in either the
absence or presence of 1 mM L-Val-AMS (12), L-Tyr-AMS (20), and L-Pro-AMS
(8). Full gel (Figure S2-3(e)) are provided in the SI.
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[ N7EME NRPS @ CP il 28]

INETORENS, v —7 (27) 1% PPant KT A — /VIEEIER & LT
NRPS &V a—NVEE#bT56Z L, ZL T, ZOE#SRMIZ A RAAL U EI L
TR I DS T BRI T, £ T, Ir—7 (27) BDEEROFR%
Effi S 7= CP MEMET DNTEME NRPS IZxF LT A KA A DR 72 BB
B2 F U CER A PPant 248 U ATRE DN ket L 72,

AFEER O NRPS & L T kD RmiEMERITH 5 surfactin A DAES
SR 28R L 7= (Figure 2-10)°°, Srfactin A 1% 3 -2 NRPS (2 L » TAA/RK &
NHZ ENMBENTWD, —DHD SrfA-A (402 kDa) %1 2D L-Glu,2->® L-Leu
EHEBELETHA RAL U EEDR3ODFEY a— LI Lo THEREN TS, —
> H @ SrfA-B (401 kDa) % L-Val, L-Asp, L-Leu ZEH L35 A RAAL &EET
3ODFY 2—/UZE > THERENTWDS, =>H® SrfA-C (144 kDa) 1% L-Leu
BHBELTEHA RAAL U EEL 1 ODEY 2 — /M ko THR SN TW5, 4
RPN CREEAE S 72 NRPS 1E PPTase |2 & » THSNICEIRRZEM SN 5, DT
¥, surfactin A Z PEAET H A ORI L TT7 e —721FHEE5 2
& T, SIfA-BICHEEND L-Val ZHEE 5 A NAA LT 5 CP OAM
R b Z En IR SN D,

PERALSERRIZHT- 0 | surfactin A ZFEAT D ENEIHILD Bacillus subtilis
ATCC 21332 Z i\ 7z, F£3°, SrfA-A, SrfA-B & OF SrfA-C % pEA L TV D K
G D T O w R OGS 21T o 72, BEHIE surfactin A ZPEAET 554 TH
% MSI 54t (glucose (4%, w/v), 50 mM NH4NO;, 30 mM Na,HPOy4, 30 mM KH,POy,
7 uM CaCly, 800 pM MgSO,, 4 mM sodium EDTA, 4 mM FeSO,) Z##IR L 771, %
L C., 85 ORI 21T > 7= (Figure 2-11), KFfE] Z & 12 ODgoo ZHIE L, £ D
RO E AR Z B LTz, ZOEEOMIah KA {FR L, SDS-PAGE T/4rifzIZ
CBB THIEKND X R HEBIEE LT, ZORR, AEEDEMIO ODgp 23 1
76 2 O, StfA-A KT SrfA-B & HERI S 4154 400 kDa D & /X7 E DR
RS " AREE ST (Figure 2-14 (# and ##)), Z O KON REYI0D H L
MS/MS T L7z . Bl 3 K73 SrfA-A (Figure 2-12), {5451 &1
D73 R SrfA-B (Figure 2-13) Th o7,

Bacillus subtilis ATCC 21332 ¥k Z55%# L SrfA-A. SrfA-B K UF StfA-C A& £
HERZST, FoMaimtikicod LT e —7 (27) 2/EH S8, 20k
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DETZ B2 Ui, £7, b ORFUKAFE 2 Bt L 7o (Figure 2-14), 58 L
EEROMBAI IR IC LT r—7 27) KOV L-Val-AMS (12) Z{Ef &4,
Z O 2 RET LTz, T OREER, 2 R 6 7 1 —7 27 12X % SrfA-B O @R
Fy 7o b Bl ST,

WIZ, &FL A RAA VHEAZ WA IHEFER 21T > 72 (Figure 2-15a),
SIfA-B 8t D A RKAA U OMERITHD L-Val-AMS (12), L-Asp-AMS (22),
L-Leu-AMS (13) Z £ ZE L 7cfifafhitiiicd LT e —>7 27) 1I2L 5
AL AT o T2, EORER, BERIFEFIE T TIE7'n—>7 (27) 12X > T SrfA-B
2358 < HOEAERR S V72, Z D SrfA-B Ok kiX L-Val-AMS (12) K& UF L-Leu-AMS
(13) ZUH L7 —r THK L, 207, 7un—7 (27) OE#ILI L-Asp
ERRELETD A RAAL BN LT RWnWEEX LN, Yu—7 27) I2&5
SrfA-B DFE#k bIE L-Val-AMS (12) & T L-Leu-AMS (13) TRHE I N7,
L-Val XDV L-Leu Z#3EH 35 A FAA L EZ N LTHEITLTWD EE BN,
IoLE LLauBREELETDEA FAL UEN L TEBIEAHEITL CWD DR
IX. SrfA-A KX StfA-C OEESHAL T T 21ET THDH, Ll SfA-A DY
SIfA-C OIEFbIZE< ARonwn, UbkoZ s, Ya—7 27) 12k d
SrfA-B OFEFHALIL L-Val ZE L35 A RAA N LTHITL TS EE X
bz,

X LRDHMAEEAT O 720, KV IRRE ORERZ AV A I EER AT
7o FOREE. L-Leu-AMS (13) TlZ 72 —7 (27) 12X % SrfA-B O DA,
ENRASNT L-Val-AMS (12) 2B L2 —2TOARATu—7 (27) IZ L HHE
WAL DOFLEN AL S 47 (Figure 2-15b), BL EOFER NG, 7'm—>7 (27) 13 L-Val
BHELTHARAAL L EZN L TSHA-BZEHR L TWD Z ENHALMNE 25T,
L-Leu-AMS (13) 1XBfKET 2 VEATH Y L-Val-AMS (12) CHELI L 7z H
T 5, TD-8, REBRTIL L-Leu-AMS (13) 2’ L-Leu Z5E L T5 A RAA
DI BT, L-Val B E T D A RAA > OIEMESAL & bBFPEZ R L, [LE
L7z &E 2 bz (Figure 2-16),

47



SrfA-A (402 kDa) SrfA-B (401 kDa)

L-Leu L-ASE
L-Glu L-Leu L-Val L-Leu

© ©
EOF D S A
S .

P ) 0 »mj;)\ 0.8 05 nj:v)olon LI
:ljo:' /\gon WJ:/;fO mui/'\ _'_’ \]:wj;( OJJ:\{‘E" HO. °nn01)\ _’_’
o Hm N oj:‘un W } oj:mc
SrfA-C (144 kDa) oy S ;(ff ; T
OY nl "'4/\0( oj,m
L-Leu " e o
no‘u\/\fo

L-Leu o
0000 o FJ '
no A~ Ay g0
f] H o

0.5

mI‘ L-Leu 0 o HNCTo
L — G Y Lval
)\:Lo o D-Leu )\H OH
":T\Nj\ o Lhsp R= A/O:/\/\/\/\)\
\QA Surfactin A
Jey producer: Bacillus subtilis ATCC 21332

Ao

Figure 2-10. Biosynthetic pathway of surfactin A.

ODéoo 119 1.73 2.05 5.78 5.63 6.36
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[ — ) — e —
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- .
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Figure 2-11. Investigation of the expression patterns of surfactin biosynthetic

enzymes.
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SrfAA 69%
modulel (2-1040, 749/1039) 71.8%
module2 (1058-2081, 741/1024) 72.8%
module3 (2097-3425, 857/1329) 64.5%
MEITFYPLTD AQKRIWYTEK FYPHTSISNL AGIGKLVSAD AIDYVLVEQA
51 IQEFIRRNDA MRLRLRLDEN GEPVQYISEY RPVDIKHTDT TEDPNAIEFI
101 SQWSREETKK PLPLYDCDLF RFSLFTIKEN EVWFYANVHH VISDGISMNI
151 LGNAIMHIYL ELASGSETKE GISHSFIDHV LSEQEYAQSK RFEKDKAFWN
201 KQFESVPELV SLKRNASAGG SLDAERFSKD VPEALHQQIL SFCEANKVSV
251 LSVFQSLLAA YLYRVSGQND VVTGTFMGNR TNAKEKQMLG MFVSTVPLRT
301 NIDGGQAFSE FVKDRMKDLM KTLRHQKYPY NLLINDLRET KSSLTKLFTV
351 SLEYQVMQWQ KEEDLAFLTE PIFSGSGLND VSIHVKDRWD TGKLTIDFDY
401 RTDLFSREEI NMICERMITM LENALTHPEH TIDELTLISD AEKEKLLARA
451 GGKSVSYRKD MTIPELFQEK AELLSDHPAV VFEDRTLSYR TLHEQSARIA
501 NVLKQKGVGP DSPVAVLIER SERMITAIMG ILKAGGAYVP IDPGFPAERI
551 QYILEDCGAD FILTESKVAA PEADAELIDL DQAIEEGAEE SLNADVNARN
601 LAYIIYTSGT TGRPKGVMIE HRQVHHLVES LOQTIYQSGS QOTLRMALLAP
651 FHFDASVKQI FASLLLGQTL YIVPKKTVTN GAALTAYYRK NSIEATDGTP
701 AHLOMLAAAG DFEGLKLKHM LIGGEGLSSV VADKLLKLFK EAGTAPRLTN
751 VYGPTETCVD ASVHPVIPEN AVQSAYVPIG KALGNNRLYI LDQKGRLOPE
801 GVAGELYIAG DGVGRGYLHL PELTEEKFLQ DPFVPGDRMY RTGDVVRWLP
851 DGTIEYLGRE DDQVKVRGYR IELGEIEAVI QQAPDVAKAV VLARPDEQGN
901 LEVCAYVVQK PGSEFAPAGL REHAARQLPD YMVPAYFTEV TEIPLTPSGK
951 VDRRKLFALE VKAVSGTAYT APRNETEKAI AAIWQDVLNV EKAGIFDNFF
1001 ETGGHSLKAM TLLTKIHKET GIEIPLQFLF EHPTITALAE EADHRESKAF
1051 AVIEPAEKQE HYPLSLAQQR TYIVSQFEDA GVGYNMPAAA ILEGPLDIQK
1101 LERAFQGLIR RHESLRTSFV LENSTPRQKI HDSVDFNIEM IERGGRSDEA
1151 IMASFVRTFD LAKAPLFRIG LLGLEENRHM LLFDMHHLIS DGVSIGIMLE
1201 ELARIYKGEQ LPDLRLQYKD YAVWQSRQAA EGYKKDQAYW KEVFAGELPV
1251 LQLLSDYPRP PVQSFEGDRV SIKLDAGVKD RLNRLAEQNG ATLYMVMLSA
1301 YYTLLSKYTG QDDIIVGTPS AGRNHSDTEG IIGMFVNTLA IRSEVKQNET
1351 FTQLISRVRK RVLDAFSHQD YPFEWLVEDL NIPRDVSRHP LFDTMFSLON
1401 ATEGIPAVGD LSLSVQETNF KIAKFDLTVQ ARETDEGIEI DVDYSTKLFK
1451 QSTADRLLTH FARLLEDAAA DPEKPISEYK LLSEEEAASQ IQQFNPGRTP
1501 YPKDKTIVQL FEEQAANTPD HTALQYEGES LTYRELNERA NRLARGILSL
1551 GAGEGRTAAV LCERSMDMIV SILAVLKSGS AYVPIDPEHP IQRMQHFFRD
1601 SGAKVLLTQR KLKALAEEAE FKGVIVLADE EESYHADARN LALPLDSAAM
1651 ANLTYTSGTT GTPKGNIVTH ANILRTVKET NYLSITEQDT ILGLSNYVFD
1701 AFMFDMFGSL LNGAKLVLIP KETVLDMARL SRVIERENIS ILMITTALFH
1751 LLVDLNPACL STLRKIMFGG ERASVEHVRK ALQTVGKGKL LHMYGPSEST
1801 VFATYHPVDE LEEHTLSVPI GKPVSNTEVY ILDRTGHVQP AGIAGELCVS
1851 GEGLVKGYYN RPELTEEKFV PHPFTSGERM YKTGDLARWL PNGDIEFIGR
1901 IDHQVKIRGQ RIELGEIEHQ LQTHDRVQES VVLAVDQGAG DKLLCAYYVG
1951 EGDISSQEMR EHAAKDLPAY MVPAVFIQMD ELPLTGNGKI DRRALPIPDA
2001 NVSRGVSYVA PRNGTEQKVA DIWAQVLQAE QVGAYDHFFD IGGHSLAGMK
2051 MLALVHQELG VELSLKDLFQ SPTVEGLAQV IASAEKGTAA SISPAEKQDT
2101 YPVSSPQKRM YVLQQLEDAQ TSYNMPAVLR LTGELDVERL NSVMQQLMOR
2151 HEALRTTFEI KDGETVQRIW EEAECEIAYF EAPEEETERI VSEFIKPFKI
2201 DQLPLFRIGL IKHSDTEHVL LFDMHHIISD GASVGVLIEE LSKLYDGETL
2251 EPLRIQYKDY AVWQQQFIQS ELYKKQEEHW LKELDGELPV LTLPTDYSRP
2301 AVQTFEGDRI AFSLEAGKAD ALRRLAKETD STLYMVLLAS YSAFLSKISG
2351 ODDIIVGSPV AGRSQADVSR VIGMFVNTLA LRTYPKGEKT FADYLNEVKE
2401 TALSAFDAQD YPLEDLIGNV QVQRDTSRNP LFDAVFSMON ANIKDLTMKG
2451 IQLEPHPFER KTAKFDLTLT ADETDGGLTF VLEYNTALFK QETIERWKQY
2501 WMELLDAVTG NPNQPLSSLS LVTETEKQAL LEAWKGKALP VPTDKTVHQL
2551 FEETAQRHKD RPAVTYNGQS WTYGELNAKA NRLARILMDC GISPDDRVGV
2601 LTKPSLEMSA AVLGVLKAGA AFVPIDPDYP DQRIEYILQD SGAKLLLKQOE
2651 GISVPDSYTG DVILLDGSRT ILSLPLDEND EENPETAVTA ENLAYMIYTS
2701 GTTGQPKGVM VEHHALVNLC FWHHDAFSMT AEDRSAKYAG FGFDASIWEM
2751 FPTWTIGAEL HVIEEAIRLD IVRLNDYFET NGVTITFLPT QLAEQFMELE
2801 NTSLRVLLTG GDKLKRAVKK PYTLVNNYGP TENTVVATSA EIHPEEGSLS
2851 IGRAIANTRV YILGEGNQVQ PEGVAGELCV AGRGLARGYL NREDETAKRF
2901 VADPFVPGER MYRTGDLVKW TGGGIEYIGR IDQQVKVRGY RIELSEIEVQ
2951 LAQLSEVQDA AVTAVKDKGG NTAIAAYVTP ESADIEALKS ALKETLPDYM
3001 IPAFWVTLNE LPVTANGKVD RKALPEPDIE AGSGEYKAPT TDMEELLAGI
3051 WQDVLGMSEV GVTDNFFSLG GDSIKGIQMA SRLNQHGWKL EMKDLFQHPT
3101 IEELTQYVER AEGKQADQGP VEGEVILTPI QRWFFEKNFT NKHHWNQSVM
3151 LHAKKGFDPE RVEKTLOALI EHHDALRMVY REGQEDVIQY NRGLEAASAQ
3201 LEVIQIEGQA ADYEDRIERE AERLQSSIDL QEGGLLKAGL FQAEDGDHLL
3251 LATIHHLVVDG VSWRILLEDF AAVYTQLEQG NEPVLPQKTH SFAEYAERLQ
3301 DFANSKAFLK EKEYWRQLEE QAVAAKLPKD RESGDQRMKH TKTIEFSLTA
3351 EETEQLTTKV HEAYHTEMND ILLTAFGLAM KEWTGQODRVS VHLEGHGREE
3401 IIEDLTISRT VGWFTSMYPM VLDMKHADDL GYQLKQMKED IRHVPNKGVG
3451 YGILRYLTAP EHKEDVAFSI QPDVSFNYLG QFDEMSDAGL FTRSELPSGQ
3501 SLSPETEKPN ALDVVGYIEN GKLTMSLAYH SLEFHEKTVQ TFSDSFKAHL
3551 LRIIEHCLSQ DGTELTPSDL GDDDLTLDEL DKLMEIF

Figure 2-12. MASCOT report for MS/MS analysis of excised gel SrfA-A (#) bands
from B. subtilis ATCC 21332 proteome.
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SrfAB 59%
module4 (6-1035, 515/1030) 50.0%
moduleb (1055-2075, 684/1021) 67.0%
module6 (2093-3421, 739/1329) 55.6%
MSKKSIQKVY ALTPMQEGML YHAMLDPHSS SYFTQLELGI HGAFDLEIFE
51 KSVNELIRSY DILRTVFVHQ QLOKPRQVVL AERKTKVHYE DISHADENRQ
101 KEHIERYKQOD VORQGFNLAK DILFKVAVFR LAADQLYLVW SNHHIMMDGW
151 SMGVLMKSLF ONYEALRAGR TPANGQGKPY SDYIKWLGKQ DNEEAESYWS
201 ERLAGFEQPS VLPGRLPVKK DEYVNKEYSF TWDETLVARI QQTANLHQVT
251 GPNLFQAVWG IVLSKYNFTD DVIFGTVVSG RPSEINGIET MAGLFINTIP
301 VRVKVERDAA FADIFTAVQQ HAVEAERYDY VPLYEIQKRS ALDGNLLNHL
351 VAFENYPLDQ ELENGSMEDR LGFSIKVESA FEQTSFDFNL IVYPGKTWTV
401 KIKYNGAAFD SAFIERTAEH LTRMMEAAVD QPAAFVREYG LVGDEEQRQI
451 VEVFNSTKAE LPEGMAVHQV FEEQAKRTPA STAVVYEGTK LTYRELNAAA
501 NRLARKLVEH GLQKGETAAI MNDRSVETVV GMLAVLKAGA AYVPLDPALP
551 GDRLRFMAED SSVRMVLIGN SYTGQAHQLQ VPVLTLDIGF EESEAADNLN
601 LPSAPSDLAY IMYTSGSTGK PKGVMIEHKS ILRLVKNAGY VPVTEEDRMA
651 QTGAVSFDAG TFEVFGALLN GAALYPVKKE TLLDAKQFAA FLREQSITTM
701 WLTSPLFNQL AAKDAGMFGT LRHLIIGGDA LVPHIVSKVK QASPSLSLWN
751 GYGPTENTTF STSFLIDREY GGSIPIGKPI GNSTAYIMDE QQCLQPIGAP
801 GELCVGGIGV ARGYVNLPEL TEKQFLEDPF RPGERIYRTG DLARWLPDGN
851 IEFLGRIDNQ VKVRGFRIEL GEIETKLNMA EHVTEAAVII RKNKADENEI
901 CAYFTADREV AVSELRKTLS QSLPDYMVPA HLIQMDSLPL TPNGKINKKE
951 LPAPQSEAVQ PEYAAPKTES EKKLAEIWEG ILGVKAGVTD NFFMIGGHSL
1001 KAMMMTAKIQ EHFHKEVPIK VLFEKPTIQE LALYLEENES KEEQTFEPIR
1051 QASYQQHYPV SPAQRRMYIL NQLGQANTSY NVPAVLLLEG EVDKDRLENA
1101 IQQLINRHEI LRTSFDMIDG EVVQTVHKNI SFQLEAAKGR EEDAEEIIKA
1151 FVQPFELNRA PLVRSKLVQL EEKRHLLLID MHHIITDGSS TGILIGDLAK
1201 IYQGADLELP QIHYKDYAVW HKEQTNYQKD EEYWLDVFKG ELPILDLPAD
1251 FERPAERSFA GERVMFGLDK QITAQIKSLM AETDTTMYMF LLAAFNVLLS
1301 KYASQDDIIV GSPTAGRTHP DLQGVPGMFV NTVALRTAPA GDKTFAQFLE
1351 EVKTASLQAF EHQSYPLEEL IEKLPLTRDT SRSPLFSVMF NMQNMEIPSL
1401 RLGDLKISSY SMLHHVAKFD LSLEAVEREE DIGLSFDYAT ALFKDETIRR
1451 WSRHFVNIIK AAAANPNVRL SDVDLLSSAE TAALLEERHM TQITEATFAA
1501 LFEKQAQQTP DHSAVKAGGN LLTYRELDEQ ANQLAHHLRA QGAGNEDIVA
1551 IVMDRSAEVM VSILGVMKAG AAFLPIDPDT PEERIRYSLE DSGAKFAVVN
1601 ERNMTAIGQY EGIIVSLDDG KWRNESKERP SSISGSRNLA YVIYTSGTTG
1651 KPKGVQIEHR NLTNYVSWFS EEAGLTENDK TVLLSSYAFD LGYTSMFPVL
1701 LGGGELHIVQ KETYTAPDEI AHYIKEHGIT YIKLTPSLFH TIVNTASFAK
1751 DANFESLRLI VLGGEKIIPT DVIAFRKMYG HTEFINHYGP TEATIGAIAG
1801 RVDLYEPDAF AKRPTIGRPI ANAGALVLNE ALKLVPPGAS GQLYITGQGL
1851 ARGYLNRPQL TAERFVENPY SPGSLMYKTG DVVRRLSDGT LAFIGRADDQ
1901 VKIRGYRIEP KEIETVMLSL SGIQEAVVLA VSEGGLQELC AYYTSDQDIE
1951 KAELRYQLSL TLPSHMIPAF FVQVDAIPLT ANGKTDRNAL PKPNAAQSGG
2001 KALAAPETAL EESLCRIWQK TLGIEAIGID DNFFDLGGHS LKGMMLIANI
2051 QAELEKSVPL KALFEQPTVR QLAAYMEASA VSGGHQVLKP ADKQDMYPLS
2101 SAQKRMYVLN QLDRQTISYN MPSVLLMEGE LDISRLRDSL NQLVNRHESL
2151 RTSFMEANGE PVQRIIEKAE VDLHVFEAKE DEADQKIKEF IRPFDLNDAP
2201 LIRAALLRIE AKKHLLLLDM HHIIADGVSR GIFVKELALL YKGEQLPEPT
2251 LHYKDFAVWQ NEAEQKERMK EHEAYWMSVL SGELPELDLP LDYARPPVQS
2301 FKGDTIRFRT GSETAKAVEK LLAETGTTLH MVLHAVFHVF LSKISGQRDI
2351 VIGSVTAGRT NADVQDMPGM FVNTLALRME AKEQQTFAEL LELAKQTNLS
2401 ALEHQEYPFE DLVNQLDLPR DMSRNPLFNV MVTTENPDKE QLTLQNLSIS
2451 PYEAHQGTSK FDLTLGGFTD ENGIGLQLEY ATDLFAKETA EKWSEYVLRL
2501 LKAVADNPNQ PLSSLLLVTE TEKQALLEAW KGKALPVPTD KTVHQLFEET
2551 VQRHKDRPAV TYNGQSWTYG ELNAKANRLA RILMDCGISP DDRVGVLTKP
2601 SLEMSAAVLG VLKAGAAFVP IDPDYPDQRI EYILODSGAK LLLKQEGISV
2651 PDSYTGDVIL LDGSRTILSL PLDENDEGNP ETAVTAENLA YMIYTSGTTG
2701 QPKGVMVEHH ALVNLCFWHH DAFSMTAEDR SAKYAGFGFD ASIWEMFPTW
2751 TIGAELHVID EAIRLDIVRL NDYFETNGVT ITFLPTQLAE QFMELENTSL
2801 RVLLTGGDKL KRAVKKPYTL VNNYGPTENT VVATSAEIHP EEGSLSIGRA
2851 IANTRVYILG EGNQVQPEGV AGELCVAGRG LARGYLNRED ETAKRFVADP
2901 FVPGERMYRT GDLVKWVNGG IEYIGRIDQQ VKVRGYRIEL SEIEVQLAQL
2951 SEVQDAAVTA VKDKGGNTAI AAYVTPETAD IEALKSTLKE TLPDYMIPAF
3001 WVTLNELPVT ANGKVDRKAL PEPDIEAGSG EYKAPTTDME ELLAGIWQDV
3051 LGMSEVGVTD NFFSLGGDSI KGIQMASRLN QHGWKLEMKD LFQHPTIEEL
3101 TQYVERAEGK QADQGPVEGE VILTPIQRWF FEKNFTNKHH WNQSVMLHAK
3151 KGFDPERVEK TLOALIEHHD ALRMVYREEN GDIVQVYKPI GESKVSFEIV
3201 DLYGSDEEML RSQIKLLANK LOSSLDLRNG PLLKAEQYRT EAGDHLLIAV
3251 HHLVVDGVSW RILLEDFASG YMQAEKEESL VFPQKTNSFK DWAEELAAFS
3301 OSAHLLQQAE YWSQIAAEQV SPLPKDCETE QRIVKDTSSV LCELTAEDTK
3351 HLLTDVHQPY GTEINDILLS ALGLTMKEWT KGAKIGINLE GHGREDIIPN
3401 VNISRTVGWF TAQYPVVLDI SDADASAVIK TVKENLRRIP DKGVGYGILR
3451 YFTETAETKG FTPEISFNYL GQFDSEVKTD FFEPSAFDMG RQVSGESEAL
3501 YALSFSGMIR NGRFVLSCSY NEKEFERATV EEQMERFKEN LLMLIRHCTE
3551 KEDKEFTPSD FSAEDLEMDE MGDIFDMLEE NLK

-

Figure 2-13. MASCOT report for MS/MS analysis of excised gel SrfA-B (##) bands
from B. subtilis ATCC 21332 proteome.
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Figure 2-14. Labeling of endogenous SrfA-B in a B. subtilis ATCC 21332 proteome
by probe 27. The B. subtilis ATCC 21332 proteome (2.0 mg/mL) was reacted with
100 uM probe 27 in 20 mM Tris (pH 8.0) for 2-12 h at 25 °C in either the absence or
presence of 1 mM L-Val-AMS (12). LC/MS-MS analysis identified the isolated
protein bands (# and ##) as an SrfA-A and SrfA-B, respectively. Full gel (Figure
S2-4a) are provided in the SI.
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Figure 2-15. Investigation of selective labeling of the CP-domain of SrfA-B using a
combination of probe 27 and inhibitors L-Val-AMS (12), L-Asp-AMS (22) and
L-Leu-AMS (13). (a) The Bacillus subtilis ATCC 21332 proteome (2.0 mg/mL) was
individually preincubated with inhibitors L-Val-AMS (12), L-Asp-AMS (22) and
L-Leu-AMS (13) (10 uM) and reacted with 100 uM probe 27 for 2 h at 25 °C. Full
gel (Figure S2-4b) are provided in the SI. (b) The Bacillus subtilis ATCC 21332
proteome (2.0 mg/mL) was individually preincubated with inhibitors L-Val-AMS
(12), L-Asp-AMS (22) and L-Leu-AMS (13) (5 uM) and reacted with 100 uM probe

27 for 2 h at 25 °C. Full gel (Figure S2-4c) are provided in the SI.
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SrfA-B (401 kDa)

L-Asp
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Figure 2-16. Schematic summary of the labeling of SrfA-B protein.
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(Supporting Information, SI)
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Chemical Synthetic Procedures

NH,
0..0 <,N | SN
s’ J a
H,N (o] o N N L
>
_\_7 a = Boc-Gly-OSu i = Boc-Tyr(tBu)-OSu
§ 02 b = Boc-Ala-OSu j =Boc-Trp(Boc)-OSu
% ¢ = Boc-lle-OSu k = Boc-Asp(tBu)-OSu
d = Boc-Asn(Trt)-OSu | = Boc-Glu(tBu)-OSu
e = Boc-GIn(Trt)-OSu m = Boc-Lys(Boc)-OSu
6 f = Boc-Ser(tBu)-OSu n = Boc-Arg(Boc),-OSu
g = Boc-Thr(tBu)-OSu 0 = Boc-His(Boc)-OSu
h =Boc-Met-OSu
(o]
b o: %
> R N° S

Scheme S1-1. Synthetic route to sulfamoyloxy-linked aminoacyl-AMP analogues.
Reagents and conditions: [a] N-hydroxysuccinimide esters a-o0, Cs;CO3, DMF, rt: 92%
(S1); 53% (S2); 90% (S3); 88% (S4); 77% (SS5); 65% (S6); 63% (ST); 75% (S8); 98%
(S9); 57% (S10); 66% (S11); 76% (S12); 98% (S13); 78% (S14); 59% (S15); [b] 80%
aqueous TFA or a mixture of 90:5:5 (v/v) of TFA, H,O, and TIS, rt: 52% (10); 77%
(11); 70% (14); 70% (15); 40% (16); 23% (17); 49% (18); 57% (19); 74% (20); 90%

10 : H (Gly-AMS)
11 : CHg (L-Ala-AMS)

14 : CHZCH,CH(CHa) (L-lle-AMS)
15 : NH,COCHj, (L-Asn-AMS)

16 : NH,COCH,CH (L-GIn-AMS)
17 : HOCH, (L-Ser-AMS)

18 : CHzCHOH (L-Thr-AMS)

19 : CHySCH,CH, (L-Met-AMS)

NH,
R O‘NS"O </N I\JN
\‘)LN' "0y o NN
uN, M
“Boc _\_7
0_0
P
S1:H S9: BUOCHCH,
S2: CHy $10: (1-Boc-indole-3-yl)CH,
S3: CH4CH,CH(CH;)  S11: tBuOC(=0)CH,
S4: THNHCOCH, $12: BuOC(=0)CH,CH,
S5: THNHCOCH,CH,  S$13: BocNHCH,CH,CH,CH,
S6 : tBuOCH, $14 : BocNH(=NBoc)NHCH,CH,CH,
S§7: CH3CH(OtBu) $15: (1-Boc-imidazol-5-yl)CH,
S8 : CH,SCH,CH,
NH,
N SN
(o} (/ | ’)

HO' ‘OH

20:
21:
22:
23:
24:
25:
26:

HOCgH4CH; (L-Tyr-AMS)
(1H-indole-3-yl)CHj (L-Trp-AMS)
HOOCCH;, (L-Asp-AMS)

HOOCCH ,CH, (L-Glu-AMS)
NH,CH,CH,CH,CH, (L-Lys-AMS)
NH(=NH)NHCH,CH,CH,, (L-Arg-AMS)
(1H-imidazol-5-yl)CH, (L-His-AMS)

(21); 83% (22); 98% (23); 61% (24); 70% (25); T4% (26).

General Synthetic Methods: All commercial reagents were used as provided unless
otherwise indicated. 5’-O-sulfamoyl-2’,3'-isopropylideneadenosine 6°> (Schemes S1) is
known compound. This compound was prepared according to published literature
procedures. All reactions were carried out under an atmosphere of nitrogen in dry

solvents with oven-dried glassware and constant magnetic stirring unless otherwise
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noted. High performance liquid chromatography (HPLC) was performed on a
Prominence CBM-20A (Shimadzu) system equipped with a Prominence SPD-20A
UV/VIS detector (Shimadzu). "H-NMR spectra were recorded at 500 MHz. *C-NMR
spectra were recorded at 125 MHz on JEOL NMR spectrometers and standardized to
the NMR solvent signal as reported by Gottlieb.”> Multiplicities are given as s = singlet,
d = doublet, t = triplet, q = quartet, dd = doublet of doublets, ddd = doublet of triplets,
br = broad signal, m = multiplet using integration and coupling constant in Hertz. TLC
analysis was performed using Silica Gel 60 F254 plates (Merck) and visualization was
accomplished with ultraviolet light (A = 254 nm) and/or the appropriate stain
[phosphomolybdic acid, iodine, ninhydrin, and potassium permanganate]. Silica gel
chromatography was carried out with SiliaFlash F60 230-400 mesh (Silicycle),
according to the method of Still.>* Mass spectral data were obtained using a
LCMS-IT-TOF mass spectrometer (Shimadzu).

Chemical Synthesis of Gly-AMS 10
5'-O-|N-(N-Boc-glycylsulfamoyl]-2’,3’-O-isopropylideneadenosine

triethylammonium salt (S1)

NH, EtsNH NH,
0¢s,'0 </ | J S .0 </ | ’)
H,N"T "0 o NN
_k_zl Boc
0_o
P
6 S1

Boc-Gly-OSu (53 mg, 0.20 mmol) and cesium carbonate (127 mg, 0.39 mmol) were
added to a solution of 5'-O-sulfamoyl-2’,3"-isopropylideneadenosine 6 (50 mg, 0.13
mmol) in DMF (10 mL). The solution was stirred at room temperature for 12 h. The
reaction mixture was filtered through a pad of Celite. The filtrate was concentrated
under reduced pressure. The residue was purified by flash chromatography (90:10:1
CHCIl3/MeOH/Et;N) to afford compound S1 as a white solid (96 mg, 92%). '"H NMR
(500 MHz, DMSO-dp) & 8.39 (s, 1H), 8.32 (s, 1H), 8.16 (s, 1H), 7.35 (br, 2H), 6.34 (t, J
=5.7Hz), 6.16 (d,J=2.9 Hz), 5.36 (dd, /= 6.3, 2.9 Hz, 1H), 5.01 (dd, J= 5.7, 2.3 Hz,
1H), 4.39-4.36 (m, 1H), 3.99 (dddd, J = 22.9, 22.9, 22.9, 5.2 Hz, 2H), 3.40 (t, J = 4.9
Hz, 2H), 2.88 (q, J = 7.4 Hz, 12H, Et;N-CH.), 1.54 (s, 3H), 1.35 (s, 9H), 1.32 (s, 3H),
1.09 (t, J = 7.4 Hz, 18H, Et;N-CH3). >C NMR (125 MHz, DMSO-ds) & 173.8, 156.1,
155.5, 152.8, 149.0, 139.5, 118.8, 113.1, 89.2, 83.8, 83.4, 81.6, 79.2, 77.5, 67.0, 45.6,
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28.2, 27.0, 25.2, 9.5. HRMS (ESI+): [M+H]" calcd for Cy0H20N-0,S, 544.1820; found,
544.1792.
5'-0-(N-Glycyl)sulfamoyladenosine triethylammonium salt (10)

EtsNH NH, Et;NH NH,
90, .0 NN ’ N
8% ¢l fo..0 ¢ N
NS0y o NNy HLN:s:O ")
HN._ - o N
Boc NH,
°)§° HO' “OH
st 10

Compound S1 (44 mg, 0.082 mmol) was dissolved in a 4:1 (v/v) mixture of TFA and
H,O at room temperature. After 10 h, the flask was placed on the rotary evaporator and
the TFA and H,O were removed at reduced pressure. The residue was purified by flash
chromatography (50:50:1 CHCl3/MeOH/Et;N) to afford compound 10 as a white solid
(17 mg, 52%). '"H NMR (500 MHz, DMSO-ds) & 8.39 (s, 1H), 8.15 (s, 1H), 7.30 (br,
2H), 5.92 (d, J= 6.3 Hz, 1H), 4.60 (t, /= 5.5 Hz, 1H), 4.18—4.14 (m, 2H), 4.11-4.05 (m,
2H), 3.31 (s, 2H), 2.94 (q, J = 7.5 Hz, 1.3H, Et:N-CH,), 1.12 (t, J = 7.5 Hz, 2H,
Et;N-CH3). °C NMR (125 MHz, DMSO-ds) 8 169.8, 156.1, 152.7, 149.6, 139.4, 118.9,
87.0, 82.4, 73.5, 70.7, 67.6, 45.6, 42.7, 9.1. HRMS (ESI+): [M+H] calcd for
Ci2H3N705S, 404.0983; found, 404.0955.

Chemical Synthesis of L-Ala-AMS 11
5'-O-|N-(N-Boc-L-alanyl)sulfamoyl]-2’',3'-O-isopropylideneadenosine salt (S2)
triethylammonium

NH, EQNH NH,

N3N N3N
0,4-0 as 0..0 ¢ T )

0
’s? is?
HN"""0— o N NJ 3 H\‘)Lrg 0y o NN
“Boc
o_0o o_0o

e e

6 S2

Boc-Ala-OSu (56 mg, 0.20 mmol) and cesium carbonate (127 mg, 0.39 mmol) were
added to a solution of 5'-O-sulfamoyl-2’,3"-isopropylideneadenosine 6 (50 mg, 0.13
mmol) in DMF (10 mL). The solution was stirred at room temperature for 12 h. The
reaction mixture was filtered through a pad of Celite. The filtrate was concentrated
under reduced pressure. The residue was purified by flash chromatography (95:5:1
CHCIl3/MeOH/Et;N) to afford compound S2 as a white solid (39 mg, 53%). '"H NMR
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(500 MHz, CD30D) 6 8.46 (s, 1H), 8.22 (s, 1H), 6.23 (d, /= 3.4 Hz, 1H), 536 (q, J =
2.9 Hz, 1H), 5.15-5.08 (m, 1H), 4.55-4.50 (m, 1H), 4.26—4.18 (m, 2H), 4.03—3.90 (m,
1H), 3.18 (q, J = 7.5 Hz, 6H, Et:N-CH>), 1.60 (s, 3H), 1.45-1.35 (m, 12H), 1.32-1.22
(m, 12H, EtsN-CH3). °C NMR (125 MHz, CD;0D) & 181.4, 157.4, 157.3, 154.0, 150.5,
141.4,120.1, 115.2, 91.8, 85.7, 85.6, 83.3, 80.0, 69.7, 53.7, 47.8, 28.8, 27.5, 25.6, 19.8,
9.2. HRMS (ESI-): [M—H] calcd for C,;H30N7O9S, 556.1826; found, 556.1833.
5'-0O-N-(L-Alanyl)sulfamoyladenosine triethylammonium salt (11)

EtsNH NH,

Et;NH NH,
o N <N
Ofs,_o </ | 'J (o] 0..0 <,N | N
N“T 0 NN ’s? J
R 0 —_— NS0y o NS
*Boc NH, _‘(J
°)§° HO' “OH
S2 1

Compound S2 (40 mg, 0.061 mmol) was dissolved in a 4:1 (v/v) mixture of TFA and
H,O at room temperature. After 3 h, the flask was placed on the rotary evaporator and
the TFA and H,O were removed at reduced pressure. The residue was purified by flash
chromatography (67:33:1 CHCI:/MeOH/Et;N to 100:1 MeOH/EtN) to afford
compound 11 as a white solid (21 mg, 77%). 'H NMR (500 MHz, DMSO-d;) & 8.37 (s,
1H), 8.14 (s, 1H), 7.27 (br, 2H), 591 (d, J = 5.7 Hz, 1H), 4.60 (t, J = 5.2 Hz, 1H),
4.18-4.12 (m, 2H), 4.11-4.03 (m, 2H), 3.48 (dd, /= 7.5, 6.9 Hz, 1H), 2.73 (q, J = 7.5
Hz, 2H, Et;N-CH,), 1.30 (d, J = 7.5 Hz, 1H), 1.03 (t, J = 7.5 Hz, 3H, Et;N-CHj). °C
NMR (125 MHz, DMSO-ds) 6 173.2, 156.0, 152.7, 149.6, 139.4, 118.9, 87.0, 82.5, 73.4,
70.7, 67.6, 50.7, 45.7, 17.2, 10.2. HRMS (ESI-): [M—H] calcd for C;3H;3N;07S,
416.0988; found, 416.0983.

Chemical Synthesis of L-Ile-AMS 14

5'-O-[N-(N-Boc-L-isoleucyl)sulfamoyl]-2',3'-O-isopropylideneadenosine

triethylammonium salt (S3)

NH, EtgNH NH,
0..0 ¢ f\ : _’ ¢ f\
H2N’8‘0 _‘(in J \/\l)L o N J
P
6 S3
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Boc-Ile-OSu (64 mg, 0.20 mmol) and cesium carbonate (127 mg, 0.39 mmol) were
added to a solution of 5'-O-sulfamoyl-2',3"-isopropylideneadenosine 6 (50 mg, 0.13
mmol) in DMF (10 mL). The solution was stirred at room temperature for 12 h. The
reaction mixture was filtered through a pad of Celite. The filtrate was concentrated
under reduced pressure. The residue was purified by flash chromatography (90:10:1
CHCI3/MeOH/Et;N) to afford compound S3 as a white solid (69 mg, 90%). '"H NMR
(500 MHz, DMSO-dy) 6 8.40 (s, 1H), 8.15 (s, 1H), 7.35 (br, 2H), 6.16 (d, J = 2.9 Hz,
1H), 5.84 (d, J= 8.0 Hz, 1H), 5.34 (dd, J= 5.8, 2.9 Hz, 1H), 5.00 (dd, J=5.7, 1.7 Hz,
1H), 4.40—4.37 (m, 1H), 4.05-3.98 (m, 2H), 3.66 (dd, J = 8.6, 5.2 Hz, 1H), 2.81 (q, J =
7.5 Hz, 18H, Et;N-CH>), 1.75—1.66 (m, 1H), 1.54 (s, 3H), 1.35 (s, 9H), 1.31 (s, 3H),
1.06 (t, J = 7.5 Hz, 27H, Et;N-CH3), 0.83-0.76 (m, 8H). °C NMR (125 MHz,
DMSO-ds) 6 175.8, 156.1, 155.1, 152.8, 149.0, 139.5, 118.9, 113.2, 89.2, 83.7, 83.5,
81.7,71.5, 67.2, 60.5, 48.6, 39.2, 28.2, 27.1, 25.2, 24.3, 15.7, 11.7, 9.8. HRMS (ESI+):
[M+H]" calcd for C,4H3sN700S, 600.2446; found, 600.2417.

5'-0O-N-(L-Isoleucyl)sulfamoyladenosine triethylammonium salt (14)

S3 14

Compound S3 (30 mg, 0.050 mmol) was dissolved in a 4:1 (v/v) mixture of TFA and
H,O at room temperature. After 4 h, the flask was placed on the rotary evaporator and
the TFA and H,O were removed at reduced pressure. The residue was purified by flash
chromatography (50:50:1 CHCl3/MeOH/Et;N) to afford compound 14 as a colorless oil
(16 mg, 70%). '"H NMR (500 MHz, CD;0D) & 8.55 (s, 1H), 8.21 (s, 1H), 6.09 (d, J =
5.2 Hz, 1H), 4.64 (t, J = 5.2 Hz, 1H), 4.41-4.28 (m, 3H), 3.62-3.55 (m, 2H), 3.18 (q, J
= 7.5 Hz, 36H, Et;N-CH), 1.64-1.55 (m, 1H), 1.32 (t, J = 7.5 Hz, 54H, Et;N-CHj3),
1.04-0.92 (m, 8H). >C NMR (125 MHz, CD;0D) & 175.0, 173.1, 150.6, 141.6, 137.6,
120.1, 89.5, 84.3,79.5, 76.2, 69.0, 61.3, 47.4, 38.1, 25.7, 15.5, 12.2, 9.1. HRMS (ESI+):
[M+H]+ calcd for C1sH26N705S, 460.1614; found, 460.1604.
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Chemical Synthesis of L-Asn-AMS 15
5'-O-|N-(N-Boc-L-asparaginyl(Trt))sulfamoyl]-2',3’-O-isopropylideneadenosine

triethylammonium salt (S4)

0 HN. " .
o_0 6.0
PN P
6 sa

1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (182 mg, 0.95 mmol)
and N-hydroxysuccinimide (173 mg, 1.56 mmol) were added to a solution of
Boc-Asn(Trt)-OH (300 mg, 0.63 mmol) in DMF (6 mL). After 3 h, the reaction mixture
was diluted with EtOAc. The mixture was washed with 5% citric acid, 5% NaHCOs;,
and brine. The organic layer was dried over Na,SO4 and evaporated to dryness.
Boc-Asn(Trt)-OSu (155 mg, 0.27 mmol) and cesium carbonate (176 mg, 0.54 mmol)
were added to a solution of 5'-O-sulfamoyl-2',3"-isopropylideneadenosine 6 (70 mg,
0.18 mmol) in DMF (2 mL). The solution was stirred at room temperature for 1 h. The
reaction mixture was filtered through a pad of Celite. The filtrate was concentrated
under reduced pressure. The residue was purified by flash chromatography (95:5:1 to
90:10:1 EtOAc/MeOH/Et;N) to afford compound S4 as a white solid (150 mg, 88%).
'H NMR (500 MHz, CD;0D) & 8.42 (s, 1H), 8.21 (s, 1H), 7.27-7.14 (m, 15H), 6.22 (d,
J=2.9 Hz, 1H), 5.32-5.27 (m, 1H), 5.09-5.05 (m, 1H), 4.52—4.48 (m, 1H), 4.35—4.28
(m, 1H), 4.23—4.16 (m, 2H), 3.12 (q, J = 7.5 Hz, 6H, EtszN-CH>), 2.90-2.81 (m, 1H),
2.70-2.62 (m, 1H), 1.59 (s, 3H), 1.41 (s, 9H), 1.33 (s, 3H), 1.22 (t, J = 7.5 Hz, 9H,
EtN-CH;). °C NMR (125 MHz, CD3OD) § 179.4, 172.2, 157.6, 157.3, 154.0,
150.5,146.0, 141.4, 130.1, 128.7, 127.7, 120.1, 115.2, 91.8, 85.7, 85.6, 83.2, 80.3, 71.6,
69.6, 55.7, 47.8, 41.3, 28.8, 27.5, 25.6, 9.2. HRMS (ESI-): [M—H] calcd for
C41H45N3O10S, 841.2979; found, 841.2958.

5'-O-N-(L-Asparaginyl)sulfamoyladenosine triethylammonium salt (15)

Et,NH NH,

Et;NH NH,
o] NN *
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Compound S4 (100 mg, 0.12 mmol) was dissolved in a 4:1 (v/v) mixture of TFA and
H,O at room temperature. After 2 h, the flask was placed on the rotary evaporator and
the TFA and H,O were removed at reduced pressure. The residue was purified by flash
chromatography (90:10:1 to 85:15:1 CHCI3/MeOH/Et;N) to afford compound 15 as a
white solid (39 mg, 66%). "H NMR (500 MHz, DMSO-ds) & 8.34 (s, 1H), 8.14 (s, 1H),
7.60 (br, 1H), 7.29 (br, 2H), 7.13 (br, 1H), 5.91 (d, /= 5.7 Hz, 1H), 4.58 (t, J= 5.2 Hz,
1H), 4.19-4.04 (m, 4H), 3.70 (dd, J = 9.2, 3.4 Hz, 1H), 2.81-2.72 (m, 1H, overlapping
with Et;N-CH>), 2.45 (dd, J = 16.6, 9.2 Hz, 1H), 1.04 (t, J = 6.9 Hz, 1.5H, Et;N-CHj3).
BC NMR (500 MHz, DMSO-ds) & 171.9, 156.0, 152.7, 149.6, 139.4, 118.9, 87.0, 82.4,
73.6, 70.7, 67.5, 51.8, 45.7, 35.5, 10.0. HRMS (ESI-): [M—H] calcd for C;4H;9NgOsS,
459.1052; found, 459.0755.

Chemical Synthesis of L-GIn-AMS 16
5'-O-[N-(N-Boc-L-glutaminyl(Trt))sulfamoyl]-2',3’-O-isopropylideneadenosine
triethylammonium salt (S5)

NH, Et;NH NH,
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1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (240 mg, 1.20 mmol)
and N-hydroxysuccinimide (140 mg, 1.20 mmol) were added to a solution of
Boc-GIn(Trt)-OH (400 mg, 0.82 mmol) in CH,Cl, (5 mL). The solution was stirred at
room temperature for 5 h. The reaction mixture was evaporated to dryness. The residue
was purified by flash chromatography (1:4 to 2:1 EtOAc/hexane) to afford
Boc-GIn(Trt)-OSu as a white solid (410 mg, 86%). Boc-Gln(Trt)-OSu (110 mg, 0.19
mmol) and cesium carbonate (127 mg, 0.39 mmol) were added to a solution of
5'-O-sulfamoyl-2',3'-isopropylideneadenosine 6 (50 mg, 0.13 mmol) in DMF (2 mL).
The solution was stirred at room temperature for 1 h. The reaction mixture was filtered
through a pad of Celite. The filtrate was concentrated under reduced pressure. The
residue was purified by flash chromatography (95:5:1 to 90:10:1 EtOAc/MeOH/Et;N)
to afford compound S5 as a colorless oil (99 mg, 77%). '"H NMR (500 MHz, CD;0D) &
8.48 (s, 1H), 8.21 (s, 1H), 7.30—7.15 (m, 15H), 6.21 (d, J = 3.5 Hz, 1H), 5.32 (dd, J =
6.0, 3.5 Hz, 1H), 5.09 (dd, J = 6.0, 1.5 Hz, 1H), 4.50 (br, 1H), 4.23 (d, J = 4.0 Hz, 2H),
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4.05 (dd, J = 6.0, 5.0 Hz, 1H), 3.06 (q, J = 7.5 Hz, 6H, Et;N-CH,), 2.41-2.24 (m, 2H),
2.10-1.94 (m, 1H), 1.94—1.79 (m, 1H), 1.61 (s, 3H), 1.41 (s, 9H), 1.36 (s. 3H), 1.20 (t, J
= 7.5 Hz, 9H, Et;N-CH3). °C NMR (125 MHz, CD;0D) § 180.0, 174.7, 157.6, 157.3,
154.0, 150.5, 146.0, 141.4, 130.0, 128.7, 127.7, 120.1, 115.2, 91.6, 85.6, 85.4, 83.1,
80.1, 71.5, 69.7, 57.5, 47.7, 34.3, 30.8, 28.8, 27.5, 25.6, 9.4. HRMS (ESI-): [M—H]
calcd for C4H47NgO10S, 855.3141; found, 855.3157.

5'-0-N-(L-Glutaminyl)sulfamoyladenosine triethylammonium salt (16)

EtsNH NH,

N EtgNH NH,
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Compound S5 (35 mg, 0.035 mmol) was dissolved in a 4:1 (v/v) mixture of TFA and
H,O at room temperature. After 30 min, the flask was placed on the rotary evaporator
and the TFA and H,O were removed at reduced pressure. The residue was purified by
flash chromatography (67:33:1 CHCl3/MeOH/Et;N to MeOH) to afford compound 16
as a white solid (7.5 mg, 40%). 'H NMR (500 MHz, CD;0D): & 8.51 (s, 1H), 8.20 (s,
1H), 6.09 (d, J = 5.0 Hz, 1H), 4.63 (t, J = 5.0 Hz, 1H), 4.41-4.27 (m, 4H), 3.68 (t, J =
6.0 Hz, 1H), 3.14 (q, J = 7.5 Hz, 6H, Et;N-CH>), 2.47 (t, J= 7.0 Hz, 2H), 2.18-2.03 (m,
2H), 1.29 (t, J= 7.5 Hz, 9H, Ets;N-CH;). °C NMR (500 MHz, CD;0D) & 181.5, 180.5,
157.3, 153.9, 150.8, 141.1, 120.2, 89.3, 84.4, 76.1, 72.2, 69.0, 60.6, 47.9, 30.9, 26.9, 9.2.
HRMS (ESI-): [M—H] calcd for C;sH,1NgOsS, 473.1209; found, 473.1208.

Chemical Synthesis of L-Ser-AMS 17
5'-O-|N-(N-Boc-L-seryl(Bu))sulfamoyl]-2',3'-O-isopropylideneadenosine

triethylammonium salt (S6)

NH, EtsNH NH,
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1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (160 mg, 0.81 mmol),
N-hydroxysuccinimide (94 mg, 0.81 mmol), DIEA (0.35 mL, 2.0 mmol), and DMAP
(8.3 mg, 0.068 mmol) were added to a solution of Boc-Ser(Bu)-OH-DCHA (300 mg,
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0.68 mmol) in CH,Cl, (5 mL). The solution was stirred at room temperature for 3 h.
The reaction mixture was washed with a 0.1 M aqueous HCI solution, saturated
NaHCOs, and brine. The organic layer was dried over Na,SO4 and evaporated to
dryness. The residue was purified by flash chromatography (1:9 to 1:2 EtOAc/hexane)
to afford Boc-Ser(/Bu)-OSu as a white solid (147 mg, 60%). Boc-Ser(/Bu)-OSu (70 mg,
0.19 mmol) and cesium carbonate (127 mg, 0.39 mmol) were added to a solution of
5'-O-sulfamoyl-2',3'-isopropylideneadenosine 6 (50 mg, 0.13 mmol) in DMF (2 mL).
The solution was stirred at room temperature for 1 h. The reaction mixture was filtered
through a pad of Celite. The filtrate was concentrated under reduced pressure. The
residue was purified by flash chromatography (95:5:1 to 80:20:1 EtOAc/MeOH/Et;N)
to afford compound S$6 as a colorless oil (61 mg, 65%). '"H NMR (500 MHz, CD;0D): &
8.49 (s, 1H), 8.22 (s, 1H), 6.24, (d, /= 3.5 Hz, 1H), 5.37 (dd, /= 5.5, 3.5 Hz, 1H), 5.12
(d,/J=4.5Hz 1H), 4.54 (dd, J= 6.0, 4.0 Hz, 1H), 4.27-4.19 (m, 2H), 4.07 (t, /= 3.5 Hz,
1H), 3.76-3.68 (m, 1H), 3.63 (dd, J = 9.5, 3.5 Hz, 1H), 3.18 (q, J = 7.5 Hz, 6H,
EtsN-CH,), 1.61 (s, 3H), 1.42 (s, 9H), 1.39 (s, 3H), 1.28 (t, J = 7.5 Hz, 9H, Et;N-CHj3),
1.12 (s, 9H). >C NMR (125 MHz, CD;0D): § 178.5, 157.5, 157.3, 154.0, 150.5, 141.4,
120.1, 115.2, 91.9, 85.7, 85.5, 83.4, 80.2, 74.3, 69.7, 64.2, 58.6, 47.8, 28.8, 27.8, 27.5,
25.6,9.2. HRMS (ESI+): [M+H]" calcd for CsH4N7010S, 630.2552; found, 630.2552.

5'-O-N-(L-Seryl)sulfamoyladenosine triethylammonium salt (17)
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Compound S6 (27.4 mg, 0.038 mmol) was dissolved in a 90:5:5 (v/v) mixture of TFA,
H,0O, and TIS at room temperature. After 30 min, the flask was placed on the rotary
evaporator and the TFA and H,O were removed at reduced pressure. The residue was
purified by flash chromatography (80:20:1 to 50:50:1 CHCl3/MeOH/Et;N) to afford
compound 17 as a white solid (4.7 mg, 23%). 'H NMR (500 MHz, CD;0D): & 8.50 (s,
1H), 8.21 (s, 1H), 6.09 (d, J= 5.0 Hz, 1H), 4.62 (t, J = 5.0 Hz, 1H), 4.43—-4.26 (m, 3H),
3.97 (dd, J=11.5, 4.0 Hz, 1H), 3.93-3.78 (m, 2H), 3.75-3.66 (m, 1H), 3.19 (q, /= 7.5
Hz, 6H, EtsN-CH,), 1.30 (t, J = 7.5 Hz, 9H, Et;N-CH3). °C NMR (500 MHz,
DMSO-ds) 6 170.5, 156.0, 152.7, 149.6, 139.4, 118.9, 87.0, 82.5, 73.5, 70.7, 67.5, 60.8,
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57.4, 45.5, 9.9. HRMS (ESI+): [M+H]" caled for C;3H;0N;0sS, 434.1089; found,
434.1086.

Chemical Synthesis of L-Thr-AMS 18
5'-O-|N-(N-Boc-L-threonyl(rfBu))sulfamoyl]-2’,3’-O-isopropylideneadenosine
triethylammonium salt (S7)

NH, EtsNH NH,
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1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (170 mg, 0.87 mmol),
N-hydroxysuccinimide (100 mg, 0.87 mmol), DIEA (0.38 mL, 2.2 mmol), and DMAP
(8.9 mg, 0.073 mmol) were added to a solution of Boc-Thr(Bu)-OH (200 mg, 0.73
mmol) in CH,Cl, (5 mL). The solution was stirred at room temperature for 2 h. The
reaction mixture was washed with a 0.1 M aqueous HCI solution, saturated NaHCOj3,
and brine. The organic layer was dried over Na,SO4 and evaporated to dryness. The
residue was purified by flash chromatography (1:5 to 1:2 EtOAc/hexane) to afford
Boc-thr(/Bu)-OSu as a white solid (220 mg, 82%). Boc-Thr(Bu)-OSu (72 mg, 0.19
mmol) and cesium carbonate (127 mg, 0.39 mmol) were added to a solution of
5'-O-sulfamoyl-2',3'-isopropylideneadenosine 6 (50 mg, 0.13 mmol) in DMF (2 mL).
The solution was stirred at room temperature for 1 h. The reaction mixture was filtered
through a pad of Celite. The filtrate was concentrated under reduced pressure. The
residue was purified by flash chromatography (95:5:1 to 80:20:1 EtOAc/MeOH/Et;N)
to afford compound S7 as a white solid (62 mg, 63%). '"H NMR (500 MHz, CD;OD): &
8.49 (s, 1H), 8.22 (s, 1H), 6.23 (d, J = 3.5 Hz, 1H), 5.37 (dd, J = 6.0, 3.5 Hz, 1H), 5.10
(dd, J=6.0, 2.0 Hz, 1H), 4.53 (dd, J = 6.0, 3.5 Hz, 1H), 4.26 (dd, J=11.0, 4.0 Hz, 1H),
4.22 (dd,J=11.0, 3.0 Hz, 1H), 4.18 (dd, /= 6.0, 2.5 Hz, 1H), 3.88 (dd, /= 7.5, 2.5 Hz,
1H), 3.11 (q, J = 7.5 Hz, 6H, EtsN-CH>), 1.61 (s, 3H), 1.42 (s, 9H), 1.38 (s, 3H), 1.25 (t,
J=17.5Hz, 9H, Et;N-CH3), 1.16 (s, 9H). °C NMR (125 MHz, CD;OD): § 179.2, 158.1,
157.3, 154.0, 150.5, 141.4, 120.1, 115.2, 91.9, 85.7, 85.6, 83.4, 80.2, 74.9, 69.7, 63.4,
47.8,29.0, 28.8, 27.5, 25.7, 21.9, 9.4. HRMS (ESI+): [M+H]" calcd for CasH4oN700S,
642.2563; found, 642.2561.
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5'-O-N-(L-Threonyl)sulfamoyladenosine triethylammonium salt (18)

EtaNH NH, EtNH NH,
‘o o *
0 ¢0 /f OH O N A
’s” < ) o:,s,:o </ I rJN
 —— N7 0y o NN
NH,
HO' OH
s7 18

Compound S7 (41 mg, 0.054 mmol) was dissolved in a 90:5:5 (v/v) mixture of TFA,
H,O, and TIS at room temperature. After 30 min, the flask was placed on the rotary
evaporator and the TFA and H,O were removed at reduced pressure. The residue was
purified by flash chromatography (90:10:1 to 60:40:1 CHCl3/MeOH/Et;N) to afford
compound 18 as a white solid (13 mg, 49%). '"H NMR (500 MHz, CD;OD): & 8.51 (s,
1H), 8.19 (s, 1H), 6.08 (d, J = 4.5 Hz, 1H), 4.61 (t, J= 4.5 Hz, 1H), 4.45-4.27 (m, 4H),
4.19 (t, J= 6.0 Hz, 1H), 3.45 (d, J = 4.5 Hz, 1H), 3.13 (q, J =7.5 Hz, 6H, Ets:N-CH.)),
1.31 (d, J = 6.5 Hz, 3H), 1.28 (t, J = 7.5 Hz, 9H, Et;N-CH;). °C NMR (125 MHz,
CD;0D): 6 174.6, 157.2, 153.9, 150.7, 141.2, 120.1, 89.5, 84.2, 76.2, 71.9, 68.9, 67.6,
62.9, 47.8, 21.0, 9.4. HRMS (ESI+): [M+H]" caled for C14H2,N;05S, 448.1245; found,
448.1220.

Chemical Synthesis of L-Met-AMS 19
5'-O-[N-(N-Boc-L-methionyl)sulfamoyl]-2',3'-O-isopropylideneadenosine

triethylammonium salt (S8)

NH, EtaNH NH,
O¢s¢0 </N |\)N N
6_0o
PN
6 S8

Boc-Met-OSu (68 mg, 0.20 mmol) and cesium carbonate (127 mg, 0.39 mmol) were
added to a solution of 5'-O-sulfamoyl-2',3"-isopropylideneadenosine 6 (50 mg, 0.13
mmol) in DMF (10 mL). The solution was stirred at room temperature for 12 h. The
reaction mixture was filtered through a pad of Celite. The filtrate was concentrated
under reduced pressure. The residue was purified by flash chromatography (94:6:1
EtOAc/MeOH/Et;N) to afford compound S8 as a white solid (80 mg, 75%). '"H NMR
(500 MHz, CDs0D) 6 8.47 (s, 1H), 8.22 (s, 1H), 6.23 (d, J= 2.9 Hz, 1H), 5.38—5.33 (m,
1H), 5.14-5.09 (m, 1H), 4.56-4.52 (m, 1H), 4.27-4.22 (m, 2H), 4.11-4.00 (m, 1H),
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3.19 (q, J = 7.5 Hz, 6H, EtsN-CH.), 2.53—2.45 (m, 2H), 2.08-2.00 (m, 4H), 1.90—1.80
(m, 1H), 1.61 (s, 3H), 1.44 (s, 9H), 1.39 (s, 3H), 1.29 (t, J= 7.5 Hz, 9H, Ets;N-CH;). "°C
NMR (125 MHz, CDs;0D) 8 180.2, 157.6, 157.3, 154.0, 150.5, 141.4, 120.1, 115.3, 91.8,
85.7, 85.6, 83.3, 80.1, 69.7, 57.4, 47.9, 34.3, 31.2, 28.8, 27.5, 25.6, 15.3, 9.2. HRMS
(ESI-): [M—H] calcd for C23H34N709S2, 616.1859; found, 616.1861.
5'-0O-N-(L-Methionyl)sulfamoyladenosine triethylammonium salt (19)

Et;NH NH,
0
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Et;NH NH,

Compound S8 (40 mg, 0.061 mmol) was dissolved in a 4:1 (v/v) mixture of TFA and
H,O at room temperature. After 3 h, the flask was placed on the rotary evaporator and
the TFA and H,O were removed at reduced pressure. The residue was purified by flash
chromatography (75:25:1 CHCl3/MeOH/Et;N) to afford compound 19 as a white solid
(12 mg, 57%). '"H NMR (500 MHz, DMSO-ds) & 8.37 (s, 1H), 8.14 (s, 1H), 7.26 (br,
2H), 5.90 (d, J=5.7 Hz, 1H), 4.59 (t, /= 5.2 Hz, 1H), 4.28—4.23 (m, 2H), 4.11-4.04 (m,
2H), 5.52 (dd, J=6.9, 5.2 Hz, 1H), 2.64 (q, J = 7.5 Hz, 1.5H, EtsN-CH.,), 2.58—2.52 (m,
1H), 2.05-1.98 (m, 4H), 1.91-1.82 (m, 1H), 1.10 (t, J = 7.5 Hz, 2.3H, Et;N-CH;). °C
NMR (125 MHz, DMSO-ds) 6 172.2, 156.0, 152.7, 149.5, 139.4, 118.9, 87.1, 82.4, 73 .4,
82.4, 73.4, 70.7, 67.6, 53.8, 45.7, 30.9, 29.0, 14.3, 10.6. HRMS (ESI-): [M—H] calcd
for C5sH22N705S,, 476.1022; found, 476.1027.

Chemical Synthesis of L-Tyr-AMS 20
5'-O-|N-(N-Boc-L-tyrosyl(zBu))sulfamoyl]-2',3'-O-isopropylideneadenosine

triethylammonium salt (S9)

NH, EtsNH NH,
N SN (o) N SN
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1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (127 mg, 0.66 mmol)
and N-hydroxysuccinimide (76 mg, 0.66 mmol) were added to a solution of
Boc-Tyr(zBu)-OH (100 mg, 0.30 mmol) in CH,Cl, (10 mL). The solution was stirred at
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room temperature for 12 h. The reaction mixture was washed with 5% citric acid, 5%
NaHCOs3, and brine. The organic layer was dried over Na,SO4 and evaporated to
dryness to afford Boc-Tyr(zBu)-OSu as a colorless oil (120 mg, 92%).
Boc-Tyr(zBu)-OSu (120 mg, 0.28 mmol) and cesium carbonate (293 mg, 0.90 mmol)
were added to a solution of 5'-O-sulfamoyl-2',3"-isopropylideneadenosine 6 (58 mg,
0.15 mmol) in DMF (10 mL). The solution was stirred at room temperature for 12 h.
The reaction mixture was filtered through a pad of Celite. The filtrate was concentrated
under reduced pressure. The residue was purified by flash chromatography (90:10:1
CHCIl3/MeOH/Et;N) to afford compound S9 as a colorless oil (104 mg, 98%). '"H NMR
(500 MHz, CD;0D) 6 8.46 (s, 1H), 8.22 (s, 1H), 7.13 (d, J = 8.0 Hz, 2H), 6.87 (d, J =
8.0 Hz, 2H), 6.24 (d, J= 2.8 Hz, 1H), 5.36 (dd, J=5.7, 2.9 Hz, 1H), 5.11 (dddd, J = 7.3,
7,3,7.3, 1.8 Hz, 1H), 4.57-4.49 (m, 1H), 4.24-4.15 (m, 2H), 3.45-3.32 (m, 1H), 3.16 (q,
J=1.5Hz, 18H, EtsN- CH>), 2.89-2.70 (m, 2H), 1.61 (s, 3H), 1.38 (s, 9H), 1.35 (s, 3H),
1.30 (s, 9H), 1.27 (t, J = 7.5, 27H, Et;N-CHj3). >C NMR (125 MHz, CD;0D) § 178.7,
157.3, 154.8, 154.0, 150.5, 141.4, 134.9, 134.4, 131.0, 124.9, 120.1, 115.2, 91.8, 85.7,
83.2,79.9, 79.3, 69.7, 58.3, 47.6, 39.2, 29.2, 28.8, 27.5, 25.6, 9.16. HRMS (ESI-): [M—
H] calcd for C31H4,N7010S, 704.2714; found, 704.2722.
5'-O-(N-L-Tyrosyl)sulfamoyladenosine triethylammonium salt (20)

ElgNH NH,
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Compound S9 (58 mg, 0.082 mmol) was dissolved in a mixture of 90:5:5 (v/v) of TFA,
H,0, and TIS at room temperature. After 8 h, the flask was placed on the rotary
evaporator, and the TFA and H,O were removed at reduced pressure. The residue was
purified by HPLC [COSMISIL 5C;3-PAQ: C-18 reverse-phase column, ¢ 10 mm x 250
mm, acetonitrile/aqueous TFA (0.1%, 10:90), 3.0 mL/min, 220 nm, f: 12.5 min] to
afford compound 20 as a yellow oil (31 mg, 74%). "H NMR (500 MHz, CD;0D) & 8.60
(s, 1H), 8.39 (s, 1H), 7.09 (d, J = 8.0 Hz, 2H), 6.70 (d, J = 8.0 Hz, 2H), 6.14 (d, /= 4.6
Hz, 1H), 4.63 (t, J=4.9 Hz, 1H), 4.44-4.35 (m, 3H), 4.34-4.29 (m, 1H), 3.94 (t, /= 6.3
Hz, 1H), 3.25-3.16 (m, 1H, overlapping with Et;N-CH,), 3.08-2.96 (m, 1H). NMR data
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were in agreement with published data.” HRMS (ESI-): [M-H] caled for
Ci9H22N705S, 508.1251; found, 508.1280.

Chemical Synthesis of L-Trp-AMS 21
5'-O-|N-(N-Boc-L-tryptophanyl(Boc))sulfamoyl]-2’,3’-O-isopropylideneadenosine

triethylammonium salt (S10)

NH, Et;NH NH,
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1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (230 mg, 1.2 mmol)
and N-hydroxysuccinimide (138 mg, 1.2 mmol) were added to a solution of
Boc-Trp(Boc)-OH (405 mg, 1.0 mmol) in DMF (10 mL). After 6 h, the reaction mixture
was diluted with EtOAc. The mixture was washed with 5% citric acid, 5% NaHCOs;,
and brine. The organic layer was dried over Na,SO4 and evaporated to dryness.
Boc-Trp(Boc)-OSu (98 mg, 0.20 mmol) and cesium carbonate (127 mg, 0.39 mmol)
were added to a solution of 5'-O-sulfamoyl-2’,3"-isopropylideneadenosine S1 (50 mg,
0.13 mmol) in DMF (2 mL). The solution was stirred at room temperature for 1 h. The
reaction mixture was filtered through a pad of Celite. The filtrate was concentrated
under reduced pressure. The residue was purified by flash chromatography (95:5:1 to
91:9:1 EtOAc/MeOH/Et;N) to afford compound S10 as a white solid (65 mg, 57%). 'H
NMR (500 MHz, CDs;OD) & 8.45 (s, 1H), 8.20 (s, 1H), 8.09—-8.00 (m, 1H), 7.72—7.59
(m, 1H), 7.52—-7.43 (m, 1H), 7.28—=7.13 (m, 2H), 6.21 (d, J= 3.4 Hz, 1H), 5.36—5.27 (m,
1H), 5.12-5.00 (m, 1H), 4.55-4.45 (m, 1H), 4.37-4.11 (m, 3H), 3.28-3.21 (m, 1H),
3.12 (q, J = 7.5 Hz, 6H, Et;N-CH>), 3.04—2.95 (m, 1H), 1.64 (s, 9H), 1.59 (s, 3H),
1.40-1.29 (m, 12H), 1.23 (t, J= 7.5 Hz, 9H, Et;N-CHj;). *C NMR (125 MHz, CD;0D)
0 179.6, 157.3, 154.0, 151.1, 150.5, 141.4, 136.7, 132.4, 125.2, 125.1, 123.5, 120.5,
120.1, 118.1, 115.9, 115.2, 91.8, 85.7, 85.5, 84.5, 83.2, 80.1, 69.7, 58.4, 47.8, 29.6, 28.7,
28.4, 28.2, 27.5, 25.5, 9.2. HRMS (ESI-): [M—H] caled for C34H43NgOS, 771.2772;
found, 771.2781.

70



5'-O-N-(L-Tryptophanyl)sulfamoyladenosine triethylammonium salt (21)

EtsNH NH2

Et;NH NH,
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Compound S10 (40 mg, 0.046 mmol) was dissolved in a 4:1 (v/v) mixture of TFA and
H,O at room temperature. After 3 h, the flask was placed on the rotary evaporator and
the TFA and H,O were removed at reduced pressure. The residue was purified by flash
chromatography (67:33:1 CHCl3/MeOH/Et;N) to afford compound 21 as a white solid
(25 mg, 90%). '"H NMR (500 MHz, DMSO-ds) & 10.9 (br, 1H), 8.40 (s, 1H), 8.13 (s,
1H), 7.56 (d, J= 8.0 Hz, 1H), 7.34 (d, /= 8.6 Hz, 1H), 7.26 (br, 2H), 7.21 (d, /= 2.3 Hz,
1H), 7.07 (dd, J = 8.0, 6.9 Hz, 1H), 6.98 (t, J = 7.5 Hz, 1H), 5.92 (d, J = 5.7 Hz, 1H),
4.64—4.59 (m, 1H), 4.20—4.15 (m, 2H), 4.14—4.05 (m, 2H), 3.67 (dd, J = 8.6, 4.6 Hz,
1H), 3.32 (dd, J=14.9, 4.0 Hz, 1H), 3.03 (dd, J = 14.9, 8.6 Hz, 1H), 2.57 (q, J = 7.5 Hz,
3H, Et;N-CH.>), 0.97 (d, J = 7.5 Hz, 4.5H, Et;N-CH3). °C NMR (125 MHz, DMSO-ds)
0 172.7, 156.0, 152.7, 149.6, 139.4, 136.3, 127.2, 124.5, 121.0, 118.9, 118.5, 118.3,
111.4, 108.2, 87.1, 82.5, 79.2, 73.5, 70.7, 67.5, 55.7, 45.7, 27.5, 10.9. HRMS (ESI-):
[M—H] calcd for C,;H3N504S, 531.1410; found, 531.1413.

Chemical Synthesis of L-Asp-AMS 22

5'-O-|N-(N-Boc-L-aspartyl (rBu))sulfamoyl]-2’,3'-O-isopropylideneadenosine

triethylammonium salt (S11)
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1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (298 mg, 1.56 mmol)
and N-hydroxysuccinimide (180 mg, 1.56 mmol) were added to a solution of
Boc-Asp(OrBu)-OH (300 mg, 1.04 mmol) in DMF (10 mL). After 22 h, the reaction
mixture was diluted with EtOAc. The mixture was washed with 5% citric acid, 5%

NaHCOs3, and brine. The organic layer was dried over Na,SO4 and evaporated to
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dryness. Boc-Asp(O7Bu)-OSu (75 mg, 0.20 mmol) and cesium carbonate (127 mg, 0.39
mmol) were added to a solution of 5'-O-sulfamoyl-2',3"-isopropylideneadenosine 6 (50
mg, 0.13 mmol) in DMF (2 mL). The solution was stirred at room temperature for 3 h.
The reaction mixture was filtered through a pad of Celite. The filtrate was concentrated
under reduced pressure. The residue was purified by flash chromatography (94:6:1
EtOAc/MeOH/Et;N) to afford compound S11 as a white solid (50 mg, 66%). 'H NMR
(500 MHz, CDs0OD) 6 8.46 (s, 1H), 8.22 (s, 1H), 6.23 (d, J=2.9 Hz, 1H), 5.38-5.34 (m,
1H), 5.14-5.10 (m, 1H), 4.55-4.52 (m, 1H), 4.33—4.28 (m, 1H), 4.25-4.20 (m, 2H),
3.18 (q, J = 7.5 Hz, 6H, EtsN-CH>), 2.75 (dd, J = 15.5, 5.2 Hz, 1H), 2.56 (dd, J = 15.5,
7.5 Hz, 1H), 1.61 (s, 3H), 1.44—1.37 (m, 21H), 1.28 (t, J = 7.5 Hz, 9H, EtsN-CH3). "°C
NMR (125 MHz, CDs;OD) 6 178.9, 172.5, 157.4, 157.3, 154.0, 150.5, 141.4, 120.1,
115.2, 91.9, 85.7, 85.6, 83.3, 81.9, 80.2, 69.6, 55.0, 47.8, 40.2, 28.8, 28.4, 27.5, 25.6,
9.2. HRMS (ESI-): [M—H] caled for CycH33N704;S, 656.2350; found, 656.2346.
5'-0O-N-(L-Aspartyl)sulfamoyladenosine triethylammonium salt (22)
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Compound S11 (40 mg, 0.053 mmol) was dissolved in a 4:1 (v/v) mixture of TFA and
H,O at room temperature. After 6 h, the flask was placed on the rotary evaporator and
the TFA and H,O were removed at reduced pressure. The residue was purified by flash
chromatography (67:33:1 CHCl3/MeOH/Et;N) to afford compound 22 as a white solid
(26 mg, 83%). '"H NMR (500 MHz, DMSO-ds) & 8.39 (s, 1H), 8.14 (s, 1H), 7.27 (br,
2H), 5.90 (d, J = 6.3 Hz, 1H), 4.60—4.55 (m, 1H), 4.18-4.00 (m, 4H), 3.58—3.54 (m,
1H), 2.86 (q, J = 7.5 Hz, 8H, Et;N-CH>), 2.55 (dd, J = 16.6, 4.0 Hz, 1H), 2.36 (dd, J =
16.6, 8.6 Hz, 1H), 1.08 (t, J = 7.5 Hz, 12H, Et;N-CH;). °C NMR (125 MHz,
DMSO-ds) 6 173.5, 172.3, 156.0, 152.7, 149.6, 139.4, 118.8, 87.0, 82.4, 73.5, 70.6, 67.5,
52.7,45.4, 36.3, 9.4. HRMS (ESI-): [M—H] calcd for C14H sN709S, 460.0887; found,
460.0882.
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Chemical Synthesis of L-Glu-AMS 23
5'-O-|N-(N-Boc-L-glutamyl(rfBu))sulfamoyl]-2',3’-O-isopropylideneadenosine

triethylammonium salt (S12)

6 S12

1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (380 mg, 1.98 mmol)
and N-hydroxysuccinimide (228 mg, 1.98 mmol) were added to a solution of
Boc-Glu(O7Bu)-OH (500 mg, 1.65 mmol) in DMF (16 mL). After 24 h, the reaction
mixture was diluted with EtOAc. The mixture was washed with 5% citric acid, 5%
NaHCOs3, and brine. The organic layer was dried over Na,SO4 and evaporated to
dryness. Boc-Glu(O7Bu)-OSu (78 mg, 0.20 mmol) and cesium carbonate (127 mg, 0.39
mmol) were added to a solution of 5'-O-sulfamoyl-2',3"-isopropylideneadenosine 6 (50
mg, 0.13 mmol) in DMF (2 mL). The solution was stirred at room temperature for 3 h.
The reaction mixture was filtered through a pad of Celite. The filtrate was concentrated
under reduced pressure. The residue was purified by flash chromatography (95:5:1 to
91:9:1 EtOAc/MeOH/Et;N) to afford compound S12 as a white solid (76 mg, 76%). 'H
NMR (500 MHz, CDs;OD) & 8.46 (s, 1H), 8.22 (s, 1H), 6.23 (d, J = 2.9 Hz, 1H),
5.37-5.33 (m, 1H), 5.12-5.08 (m, 1H), 4.56-4.51 (m, 1H), 4.27-4.21 (m, 2H),
4.04-3.97 (m, 1H), 3.18 (q, J = 7.5 Hz, 6H, EtsN-CH.,), 2.34-3.22 (m, 2H), 2.11-2.01
(m, 1H), 1.89-1.80 (m, 1H), 1.61 (s, 3H), 1.46—1.35 (m, 21H), 1.28 (t, J = 7.5 Hz, 9H,
Et;N-CH;). >C NMR (125 MHz, CD;0D) & 180.0, 174.3, 157.5, 157.3, 154.0, 150.5,
141.4, 120.1, 115.2, 91.8, 85.7, 85.5, 83.3, 81.4, 80.1, 69.7, 57.4, 47.8, 32.8, 29.8, 28.8,
28.3,27.5,25.6,9.2. HRMS (ESI-): [M—H] calcd for C,7H49N701;S, 670.2507; found,
670.2509.

5'-0-N-(L-Glutamyl)sulfamoyladenosine triethylammonium salt (23)

EtsNH N NH, Et;NH NH,
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Compound S12 (40 mg, 0.052 mmol) was dissolved in a 4:1 (v/v) mixture of TFA and
H,O at room temperature. After 3 h, the flask was placed on the rotary evaporator and
the TFA and H,O were removed at reduced pressure. The residue was purified by flash
chromatography (67:33:1 CHCI:/MeOH/Et;N to 100:1 MeOH/EtN) to afford
compound 23 as a white solid (32 mg, 98%). 'H NMR (500 MHz, DMSO-d) & 8.37 (s,
1H), 8.14 (s, 1H), 7.26 (br, 2H), 5.90 (d, /= 5.7 Hz, 1H), 4.60—4.57 (m, 1H), 4.17-4.04
(m, 4H), 3.44 (dd, J = 6.8, 4.6 Hz, 1H), 2.70 (q, J = 7.5 Hz, 9H, Et:N-CH,), 2.39-2.21
(m, 2H), 2.00—1.91 (m, 1H), 1.85-1.77 (m, 1H), 1.02 (d, J = 7.5 Hz, 15H, Et;N-CHj3).
BC NMR (125 MHz, DMSO-de) 8 175.2, 172.6, 156.0, 152.6, 149.6, 139.3, 118.9, 87.0,
82.5, 73.5, 70.7, 67.5, 54.7, 45.5, 32.1, 27.1, 10.2. HRMS (ESI-): [M—H] calcd for
Ci5H20N706S, 474.1043.; found, 474.1045.

Chemical Synthesis of L-Lys-AMS 24
5'-O-[N-(N-Boc-L-lysyl(e-Boc))sulfamoyl]-2’,3"-O-isopropylideneadenosine

triethylammonium salt (S13)

NH, EtsNH NH,
(o] SN
(o] (o] (/ | N o 0 (’ |
Han-Stomy o N e BocHN\/\/\)LN STy o e
HN.
Boc
6.0 6_0
PN PN
6 s13

Boc-Lys(Boc)-OSu (127 mg, 0.20 mmol) and cesium carbonate (127 mg, 0.39 mmol)
were added to a solution of 5'-O-sulfamoyl-2',3"-isopropylideneadenosine 6 (50 mg,
0.13 mmol) in DMF (10 mL). The solution was stirred at room temperature for 12 h.
The reaction mixture was filtered through a pad of Celite. The filtrate was concentrated
under reduced pressure. The residue was purified by flash chromatography (90:10:1
CHCIl3/MeOH/Et;N) to afford compound S13 as a white solid (106 mg, 98%). '"H NMR
(500 MHz, CD;0D) 6 8.51 (s, 1H), 8.21 (s, 1H), 6.23 (d, /= 3.4 Hz, 1H), 5.34 (dd, J =
5.7,3.4 Hz, 1H), 5.10 (d, /= 4.6 Hz, 1H), 4.56 (dd, J = 5.2, 3.5 Hz, 1H), 4.27-4.20 (m,
2H), 4.01-3.95 (m, 1H), 3.14 (q, J = 7.5 Hz, 12H, Et;N-CH>), 3.04-2.99 (m, 2H),
1.82—1.72 (m, 2H), 1.61 (s, 3H), 1.49-1.42 (m, 22H), 1.39 (s, 3H), 1.28 (t, /= 7.5 Hz,
18H, EtsN-CH3). °C NMR (125 MHz, CDCl;) & 180.9, 158.4, 157.6, 157.6, 157.3,
154.0, 150.4, 120.1, 115.2, 91.7, 85.7, 85.6, 83.2, 80.0, 79.7, 69.7, 58.0, 47.7, 41.1, 34.3,
34.2, 34.1, 30.6, 28.8, 27.5, 25.6, 24.1, 9.3. HRMS (ESI+): [M+H]" caled for
Ca9H47N3O11S, 715.3080; found, 715.3039.
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5'-O-(N-L-Lysyl)sulfamoyladenosine triethylammonium salt (24)

EtsNH NH2 EtsNH NH,

N

<
¢ (o] N <N
BocHN \N\HL e f 0: ,‘0 (/ f\
_k_y 3 H,N \/\/\HL':l :S ) r)
0_0

P HO OH

S13 24

Compound S13 (50 mg, 0.070 mmol) was dissolved in a 4:1 (v/v) mixture of TFA and
H,O at room temperature. After 10 h, the flask was placed on the rotary evaporator and
the TFA and H,O were removed at reduced pressure. The residue was purified by
HPLC [COSMISIL 5C;3-PAQ: C-18 reverse-phase column, ¢ 10 mm x 250 mm,
aqueous TFA (0.01%), 3.0 mL/min, 220 nm, f: 9.5 min] to afford compound 24 as a
colorless oil (20 mg, 61%). '"H NMR (500 MHz, CD;0D) & 8.63 (s, 1H), 8.41 (s, 1H),
6.14 (d, J=4.6 Hz, 1H), 4.64 (t, J = 4.9 Hz, 1H), 4.47-4.39 (m, 3H), 4.33 (dd, J="7.5,
29 Hz, 1H), 3.78 (t, J = 5.7 Hz, 1H), 3.21 (q, J = 7.5 Hz, 3H, EstN-CH)), 2.94 (t, J =
7.8 Hz, 2H), 2.00—1.86 (m, 2H), 1.74-1.68 (m, 2H), 1.58—1.49 (m, 2H), 1.31 (t,J=7.5
Hz, 4.5H, Et;N-CH;). °C NMR (125 MHz, CD;OD) & 174.1, 152.3, 150.1, 146.2,
143.6, 120.2, 90.2, 84.2, 76.2, 71.8, 70.0, 56.0, 47.8, 40.3, 31.7, 28.0, 22.8, 9.1. HRMS
(ESI+): [M+H]" calcd for C14H2N3z05S, 475.1718; found, 475.1691.

Chemical Synthesis of L-Arg-AMS 25

5'-O-|N-(N-Boc-L-arginyl (Boc);)sulfamoyl]-2’,3'-O-isopropylideneadenosine

triethylammonium salt (S14)

NH, Et;NH NH,

N
0. .0 Al N ¢ f\
HzN's"O—ki;‘l N’J > BocHN /\/\HL —k—; J

NBoc O

0_0

e

6 S14

1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (150 mg, 0.76 mmol)
and N-hydroxysuccinimide (87 mg, 0.76 mmol) were added to a solution of
Boc-Arg(Boc),-OH (300 mg, 0.63 mmol) in THF (6 mL) at room temperature. After 15
h, the solvent was evaporated in vacuo. The residue was purified by flash
chromatography (9:1 to 3:1 EtOAc/hexane) to afford Boc-Arg(Boc),-OSu as a white
solid (250 mg, 68%). Boc-Arg(Boc),-OSu (110 mg, 0.19 mmol) and cesium carbonate
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(127 mg, 039 mmol) were added to a solution of 5'-O-sulfamoyl-2’',3'-
isopropylideneadenosine 6 (50 mg, 0.13 mmol) in DMF (2 mL). The solution was
stirred at room temperature for 1 h. The reaction mixture was was concentrated under
reduced pressure. The residue was purified by flash chromatography (95:5:1 to 90:10:1
EtOAc/MeOH/Et;N) to afford compound S14 as a white solid (99 mg, 78%). 'H NMR
(500 MHz, CD;0OD): & 8.48 (s, 1H), 8.22 (s, 1H), 6.23 (d, J = 3.0 Hz, 1H), 5.33 (dd, J =
6.0, 3.0 Hz, 1H), 5.09 (dd, J = 5.0, 3.0 Hz, 1H), 4.52 (dd, /= 6.0, 3.5 Hz, 1H), 4.23 (d, J
= 3.5 Hz, 2H), 4.04-3.94 (m, 1H), 3.94-3.76 (m, 3H), 3.17 (q, J = 7.5 Hz, 6 H,
Et;N-CH>), 1.78 (br, 1H), 1.63 (br, 3H), 1.61 (s, 3H), 1.54 (s, 3H), 1.51 (s, 9H), 1.46 (s,
9H), 1.44-1.36 (m, 9H), 1.27 (t, J = 7.5 Hz, 9H, Et;N-CH;3). °C NMR (125 MHz,
CD;0D): 6 180.4, 157.5, 157.3, 156.14, 156.11, 154.0, 150.5, 141.4, 120.1, 115.3,91.7,
85.8, 85.5, 85.1, 85.0, 83.2, 80.0, 79.9, 69.7, 57.9, 47.7, 45.8, 31.7, 28.8, 28.7, 28.3,
27.3, 26.3, 26.2, 25.6, 9.2. HRMS (ESI-): [M—H] calcd for C34Hs3N;9013S, 841.3520;
found, 841.3521.

5'-0O-N-(L-Arginyl)sulfamoyladenosine (25)

Et,NH NH
3N 2 NH,
N
NBoc Q0. .0 i NH 0 NN
N 8% J 0.0 ¢
BocHN” °N N“>0 NN N 3s* J
N N 0 —————————— 3 HN' N NS0 N N
HN. H H o
Boc NH,
O)f HO' OH
s14 25

Compound S14 (40 mg, 0.10 mmol) was dissolved in a 4:1 (v/v) mixture of TFA and
H,O at room temperature. After 2 h, the flask was placed on the rotary evaporator and
the TFA and H,O were removed at reduced pressure. The residue was purified by flash
chromatography (50:50:1 CHCI/MeOH/Et;N to 100:1 MeOH/EtN) to afford
compound 25 as a white solid (14 mg, 70%). 'H NMR (500 MHz, CD;OD): & 8.52 (s,
1H), 8.20 (s, 1H), 6.09 (d, J = 2.5 Hz, 1H), 4.64 (t, /= 5.0 Hz, 1H), 4.40 (t, /= 4.5 Hz,
1H), 4.36 (dd, J=11.0, 3.0 Hz, 1H), 4.34—4.27 (m, 2H), 3.34-3.32 (m, 1H), 3.16 (t, J =
6.5 Hz, 2H), 1.82—1.70 (m, 1H), 1.70—1.60 (m, 3H). °C NMR (500 MHz, DMSO-ds) &
178.6, 156.8, 156.0, 152.6, 149.6, 139.4, 118.8, 86.8, 82.7, 73.7, 70.7, 67.2, 56.1, 40.6,
31.8,25.2. HRMS (ESI-): [M-H] caled for Ci6H25N100O7S, 501.1634; found, 501.1639.
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Chemical Synthesis of L-His-AMS 26
5'-O-[N-(N-Boc-L-histidyl)sulfamoyl]-2’,3"-O-isopropylideneadenosine

triethylammonium salt (S15)

NH, EtsNH NH,
¢s,:0 </ | ) CHL , </ f\J
O A
¢ 2%
6 S15

Boc-His(Boc)-OSu (88 mg, 0.20 mmol) and cesium carbonate (127 mg, 0.39 mmol)
were added to a solution of 5'-O-sulfamoyl-2',3"-isopropylideneadenosine 6 (50 mg,
0.13 mmol) in DMF (10 mL). The solution was stirred at room temperature for 12 h.
The reaction mixture was filtered through a pad of Celite. The filtrate was concentrated
under reduced pressure. The residue was purified by flash chromatography (95:5:1 to
83:17:1 EtOAc/MeOH/Et;N) to afford compound S15 as a white solid (55 mg, 59%).
'H NMR (500 MHz, CD;0D) & 8.47 (s, 1H), 8.21 (s, 1H), 8.03 (s, 1H), 6.23 (d, J=3.4
Hz, 1H), 5.36-5.31 (m, 1H), 5.11-5.07 (m, 1H), 4.55—4.51 (m, 1H), 4.30—4.19 (m, 3H),
3.18 (q,J=17.5 Hz, 6H, EtsN-CH>), 3.10-3.01 (m, 1H), 2.93-2.85 (m, 1H), 1.61 (s, 3H),
1.58 (s, 9H), 1.39-1.36 (m, 12H), 1.27 (t, J = 7.5 Hz, 9H, Et;N-CH;). °C NMR (125
MHz, CDs;OD) 6 179.5, 157.4, 157.3, 154.0, 150.5, 148.2, 141.4, 140.7, 137.8, 120.1,
116.0, 115.2, 91.8, 86.8, 85.7, 85.5, 83.3, 80.1, 69.7, 57.6, 47.8, 32.8, 28.8, 28.6, 28.0,
27.5, 25.6, 9.2. HRMS (ESI-): [M—H] calcd for CyoH4oNyO;;S, 722.2568; found,
722.2571.

5'-O-N-(L-Histidyl)sulfamoyladenosine triethylammonium salt (26)

EtsNH NH2 EtNH NH,
v

0
t: ' ’J OO:S,‘O ¢
NH

s15 26
Compound S15 (40 mg, 0.061 mmol) was dissolved in a 4:1 (v/v) mixture of TFA and
H,O at room temperature. After 3 h, the flask was placed on the rotary evaporator and
the TFA and H,O were removed at reduced pressure. The residue was purified by flash
chromatography (67:33:1 CHCI:/MeOH/Et;N to 100:1 MeOH/EtN) to afford
compound 26 as a white solid (17 mg, 74%). 'H NMR (500 MHz, DMSO-d;) & 8.37 (s,
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1H), 8.13 (s, 1H), 7.61 (s, 1H), 7.27 (br, 2H), 6.93 (s, 1H), 5.91 (d, J = 5.7 Hz, 1H),
4.62—4.57 (m, 1H), 4.19-4.14 (m, 1H), 4.13—4.07 (m, 2H), 4.04—4.00 (m, 1H), 3.63 (dd,
J=92,3.4 Hz, 1H), 3.11 (dd, J = 14.9, 3.4 Hz, 1H), 2.81 (dd, J = 14.9, 9.2 Hz, 1H),
2.66 (q, J= 7.5 Hz, 4H, Et;N-CH>), 1.01 (t, J= 7.5 Hz, 6H, Et;N- CH3). °C NMR (125
MHz, DMSO-ds) & 171.9, 156.0, 152.7, 149.6, 139.4, 135.0, 118.9, 87.0, 82.5, 73.5,
70.7, 67.4, 55.6, 45.7, 28.7, 10.6. HRMS (ESI-): [M—H]  caled for C;sHzNoO-S,
482.1206; found, 482.1212.

Chemical Biology Procedures
Protein Expression and Materials: Recombinant proteins #olo-GrsA and holo-TycB,

25.41.36.57 R ecombinant holo-GrsA

were expressed and purified as described previously.
and holo-TycB; were overproduced and isolated as C-terminal His-tagged constructs
using the E. coli overexpression strain, BL21 (DE3), kindly provided by Prof.
Mohamed A. Marahiel at Philipps-Universitit Marburg, Germany.

Hydroxamate-MesG  Assay” Standard assay conditions: Reactions contained
holo-GrsA (140-1400 nM) to maintain initial velocity conditions, 20 mM Tris (pH 8.0),
2.5 mM ATP, I mM MgCl,, 1 mM TCEP, 150 mM hydroxylamine (pH 7.0), 0.1 U
purine nucleoside phosphorylase (Sigma—Aldrich, N8264), 0.04 U inorganic
pyrophosphatase (Sigma—Aldrich, 11643), 0.2 mM MesG (Berry & Associates) and
varying concentrations of substrates. The reactions (100 pL) were run in 96-well
half-area plates (Corning, 3881) and the cleavage of MesG was monitored at A43ss on an
EnVision Multilabel Reader (PerkinElmer). Working stocks of hydroxylamine were
prepared fresh by combining 500 pL of 4 M hydroxylamine, 250 pL of water and 250
pL of 7 M NaOH on ice. Determination of kinetic parameters: Steady-state kinetic
parameters of the substrates were determined for 4olo-GrsA using standard assay
conditions as described above. GrsA was used at 700 nM with L-Leu (0.625-10 mM)),
1.4 uM with L-Thr (25-300 nM), 140 nM with L-Met (2.5-100 mM), 700 nM with
L-Trp (0.125-2.0 mM), and 1.4 puM with L-His (3.125-100 mM). TycB,; was used at
400 nM with L-Pro (10-2000 uM). In all experiments, the total DMSO concentration
was kept at or below 2.0%. Initial velocities were fit to the Michaelis-Menten equation

using Prism 5 (GraphPad Software).
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Bacterial strains: 4. migulanus ATCC 9999 and DSM 5759 were obtained from the
American Type Culture Collection (ATCC) and Deutsche Sammlung von
Mikroorganismen und Zellkulturen (DSMZ), respectively.

Cultivation media: YPG media comprises yeast extract (50 g/L), Bacto Peptone (50
g/L), and glucose (5 g/L).”®

Preparation of Cellular Lysates for Proteomic Labeling Experiments: A. migulanus
ATCC 9999 and DSM 5756 were maintained on nutrient agar. Single colonies were
used to inoculate YPG medium and cultures were shaken for 24 h at 37 °C. The seed
culture (2 mL) was transferred to YPG media (250 mL) and the resulting mixture was
incubated at 37 °C. Growth was routinely monitored at Agp on a U-2910
spectrophotometer (Hitachi). The cells were harvested by centrifugation and stored in
the freezer until used. The frozen cell pellets were resuspended in 20 mM Tris (pH 8.0),
1 mM MgCl,, 1 mM TCEP, 0.05% NP-40, and a protease inhibitor cocktail. Because of
the lability of the synthetase during mechanical cell disruption processes,”* a gentle
treatment of cells with lysozyme (0.2 mg/mL) was used to release intracellular protein.
The cell suspension was incubated at 0 °C for 30 min. The mixture was then incubated
at 30 °C for 30 min. The solution was centrifuged for 5 min at 15,000 rpm and the
pellets were discarded. The total protein concentration was quantitated by the method of
Bradford.”

Competitive ABPP of the A-domain of endogenous GrsA in a complex proteome: 4.
migulanus ATCC 9999 proteome (2.0 mg/mL) was individually treated with inhibitors
7-26 (100 uM from a 10 mM stock in DMSO) in 20 mM Tris (pH 8.0), 1 mM MgCl,, 1
mM TCEP, 0.05% NP-40, 0.2 mg/mL lysozyme and the protease inhibitor cocktail.
These samples were incubated for 10 min at room temperature and subsequently treated
with probe 1 (1 uM from a 100 uM stock in DMSO). In all experiments, the total
DMSO concentration was kept at 2.2%. After 10 min at room temperature, these
samples were irradiated at 365 nm for 30 min on ice. To initiate the click reaction,
rhodamine (Rh)-azide, TCEP, TBTA ligand, and CuSO4 were added to provide final
concentrations of 100 uM, 1 mM, 100 puM, and 1 mM, respectively. After 1 h at room
temperature, 5x SDS-loading buffer (strong reducing) was added and the samples were
heated at 95 °C for 5 min. Samples were separated by 1D SDS-PAGE and fluorescent
gel visualization was performed using a Typhoon 9410 Gel and Blot Imager (GE

Healthcare). ICsyp values for the A-domain of GrsA were determined from dose—
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response curves from two trials at each inhibitor concentration (L-Phe-AMS 7: 1 nM to
10 uM; L-Leu-AMS 13: 10 nM to 1 mM; L-Met-AMS 19: 10 nM to 1 mM; L-Trp-AMS
21: 10 nM to 1 mM; L-His-AMS 26: 10 nM to 1 mM; L-Thr-AMS 18: 10 nM to 1 mM;
L-Lys-AMS 24: 10 nM to 1 mM) using Prism 5 (GraphPad Software).

Competitive ABPP of the A-domain of recombinant GrsA: Recombinant GrsA (1
uM) were individually treated with inhibitors 7-26 (100 uM from a 10 mM stock in
DMSO) in 20 mM Tris (pH 8.0), 1 mM MgCl,, | mM TCEP, and 0.0025% NP-40.
These samples were incubated for 10 min at room temperature and subsequently treated
with probe 1 (I pM from a 100 uM stock in DMSO). In all experiments, the total
DMSO concentration was kept at 2.2%. After 10 min at room temperature, these
samples were irradiated at 365 nm for 30 min on ice and reacted with Rh-azide for 1 h
at room temperature. Reactions were treated with 5% SDS-loading buffer (strong
reducing) and subjected to SDS-PAGE. Fluorescent gel visualization was performed
using a Typhoon 9410 Gel and Blot Imager (GE Healthcare). ICsy values for the
A-domain of GrsA were determined from dose-response curves from two trials at each
inhibitor concentration (L-Phe-AMS 7: 1 nM to 100 uM; L-Leu-AMS 13: 10 nM to 1
mM; L-Met-AMS 19: 10 nM to 1 mM; L-Trp-AMS 21: 10 nM to 1 mM; L-His-AMS
26: 10 nM to 1 mM; L-Thr-AMS 18: 10 nM to 1 mM; L-Lys-AMS 24: 10 nM to 1 mM)
using Prism 5 (GraphPad Software).

Competitive ABPP of the A-domains of endogenous GrsB in a complex proteome:
A. migulanus DSM 5759 proteome (2.0 mg/mL) was individually treated with inhibitors
7-26 (100 uM from a 10 mM stock in DMSO) in 20 mM Tris (pH 8.0), 1 mM MgCl,, 1
mM TCEP, 0.05% NP-40, 0.2 mg/mL lysozyme, and the protease inhibitor cocktail.
These samples were incubated for 10 min at room temperature and subsequently treated
with individual members of probes 2—5 (1 pM from a 100 uM stock in DMSO). In all
experiments, the total DMSO concentration was kept at 2.2%. After 10 min at room
temperature, these samples were irradiated at 365 nm for 5 min on ice and reacted with
Rh-azide for 1 h at room temperature. Reactions were treated with 5x SDS-loading
buffer (strong reducing) and subjected to SDS-PAGE. Fluorescent gel visualization was
performed using a Typhoon 9410 Gel and Blot Imager (GE Healthcare). ICs values for
the L-Pro activating domain of GrsB were determined from dose-response curves from
two trials at various inhibitor concentrations (L-Pro-AMS 8: 0.01 nM to 10 uM; L-Orn-
AMS 9: 100 nM to 1 mM; L-GIn-AMS 16: 100 nM to 1 mM). ICs;, values for the L-Orn
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activating domain of GrsB were determined from dose-response curves from two trials
at each inhibitor concentration (L-Orn-AMS 9: 0.1 pM to 100 nM; L-GIn-AMS 16: 100
nM to 1 mM; L-Lys-AMS 24: 100 nM to 1 mM; L-Arg-AMS 25: 100 nM to 1 mM).
ICso values for the L-Val activating domain of GrsB were estimated from dose-response
curves from two trials at each inhibitor concentration (L-Val-AMS 12: 0.1 nM to 100
uM; L-Leu-AMS 13: 100 nM to 100 pM; L-Ile-AMS 14: 100 nM to 100 pM;
L-Met-AMS 19: 100 nM to 100 pM; L-Trp-AMS 21: 100 nM to 100 uM; L-His-AMS
26: 100 nM to 100 uM). ICsy values for the L-Leu activating domain of GrsB were
estimated from dose-response curves from two trials at each inhibitor concentration
(L-Leu-AMS 13: 0.1 nM to 100 uM; L-Met-AMS 19: 100 nM to 100 uM).

Competitive ABPP of the A-domain of recombinant TycB;: Recombinant TycB; (1
uM) were individually treated with inhibitors 7-26 (100 uM from a 10 mM stock in
DMSO) in 20 mM Tris (pH 8.0), 1 mM MgCl,, | mM TCEP, and 0.0025% NP-40.
These samples were incubated for 10 min at room temperature and subsequently treated
with probe 2 (I pM from a 100 uM stock in DMSO). In all experiments, the total
DMSO concentration was kept at 2.2%. After 10 min at room temperature, these
samples were irradiated at 365 nm for 30 min on ice and reacted with Rh-azide for 1 h
at room temperature. Reactions were treated with 5x SDS- loading buffer (strong
reducing) and subjected to SDS-PAGE. Fluorescent gel visualization was performed
using a Typhoon 9410 Gel and Blot Imager (GE Healthcare). ICsy values for the A-
domain of TycB; were determined from dose-response curves from two trials at each
inhibitor concentration (L-Pro-AMS 8: 1 nM to 100 uM; L-Orn-AMS 9: 100 nM to 1
mM; L-GIn-AMS 16: 100 nM to 1 mM) using Prism 5 (GraphPad Software).
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of S1
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of 10
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BC-NMR (125 MHz) spectra of S2
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BC-NMR (125 MHz) spectra of 11

'H-NMR (500 MHz) and
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of S3
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of 14
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BC-NMR (125 MHz) spectra of 15
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of S5
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of S6
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of 17
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BC-NMR (125 MHz) spectra of S7
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of 18
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of S8
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of 19
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of S9

6.0

5.0

4.0

3.0

2.0

1.0

0

Et;NH NH,

°°~‘s"° <,N
o 0 oo
U~o0 *Boc

S9

SN

L J

N

"
!

%

abundance

|

107
223

| |
L_l . S .LM._!;AJ‘\_ML_/M\___;_JM P\-.JM_U;__LJ‘

29.25

P

1
359

11.0 9.0 7.0

7141
‘/‘

8.462—
71257
6.875
6.858

X : parts per Million : 1H

6.242
6.236 7
5362
5.356
5351
5.101

5.0

50987

20

1.608

0.1

abundance
0

0.2
I

il N

1 Ju”

l

N

b

)

200.0  190.0 180.0

170.0

160.0  150.0 140.0
\

78.664
157.270 ~_
154818 —
153.998
150.459
141.398
134.902
134,444

X : parts per Million : 13C ™

130.0

131.049

120.0  110.0

124935
120.137 —
115225 ——

100.0

90.0  80.0

)

91.779~—
85.684
83214 >
79.857~
79313~

70.0

69.689

LR IR TRRERERRR

58290 =

50.0

AN

49.172
49.000
48.828

T e

300 200

39.185

g

10.0 -10.

9.158

98



'H-NMR (500 MHz) spectrum of 20
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of S10
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'H-NMR (500 MHz) and C-NMR (125 MHz) spectra of 21
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of S11
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BC-NMR (125 MHz) spectra of 22

'H-NMR (500 MHz) and
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of $12
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of 23
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of $13
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BC-NMR (125 MHz) spectra of 24
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'H-NMR (500 MHz) and >C-NMR (125 MHz) spectra of S14

PRIL 3
TEU g — —
L
- )
=
>
-
_J
|
_J
)
00T B
o
£ 2
Z =z
N//\N o]
o VA
o
oo $6°0
53 Sh —
» 901
w 0:— — .
* o
o z' 8 by
w O o ]
z
T
3
§ ==z
z=<(
z
I
o
o
o
09 0's or 0t 0t o1 0
Qouepunqe

4.0

5.0

8.0

9.0

10.0

11.0

e
ILY'8

X : parts per Million : 1H

|

140.0

N

v
YL €L T I'T 01 60 80 L0 90 S0 ¥'0 €0 TO I'0 0O
Qouepunqe

20.0

110.0

180.0

30.0

130.0

170.0

200.0

0 -10.0

10.0

90.0 80.0 700 600 500 40.0

100.0

120.0

150.0

160.0

190.0

—STT6

179'sT
/g1z9t
/6TS'LT
S €LT8T
\ 5982
\9€8'8T

,8T8'8Y

wNN:.ﬂ

N ereer

TS8'LS

—/-¥6v'S8
T 19L°58

— 76916

—— €STSIL
801°0T1

—— LO¥'I¥L

L 69%°0ST
—,866'¢51
/901951
= prrost

N\ gogLs1

\LES'LSI

=
=
s
&
C

13C

X : parts per Million :

108



'H-NMR (500 MHz) and *C-NMR (125 MHz) spectra of 25
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Figure S2-1. Full gel displaying the purification of native Sfp. Gel lanes depict
fractions taken during anion exchange chromatography and as follows: L1 = 10 mM
NaCl wash, L2 = 50 mM NaCl wash, L3-L8 = 100 mM NaCl wash. The target protein
was collected and used from L3-L6. The gel was stained with Coomassie (Colloidal

Coomassie Blue Stain).
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Val-AMS12 — ¢ - % — % — % - &

Figure S2-2. Measurements of labeled recombinant holo-AusA;. (a) Fluorescent and
Coomassie stained SDS-PAGE gel of Rh-BSA, a standard for fluorescent intensity and
recombinant holo-AusA; with probe 27. Recombinant solo-AusA; (1 pM) was reacted
with probe 27 (1-100 uM) in either the absence or presence of 1 mM L-Val-AMS 12
for 12 h at 25 °C. Gel lanes are as follows: L1 = 50 nM Rh-BSA, L2 = 100 nM Rh-BSA,
L3 =200 nM Rh-BSA, L4 = 400 nM Rh-BSA, L5 = 600 nM Rh-BSA, L6 = 800 nM
Rh-BSA, L7 = 1000 nM Rh-BSA, L8 = 1200 nM Rh-BSA, L9 = 1 uM holo-AusA, and
1 uM probe 27, L10 = 1 uM holo-AusA,, 1 uM probe 27, and 1 mM L-Val-AMS 12,
L11 =1 pM holo-AusA; and 10 pM probe 27, L12 = 1 uM holo-AusA;, 10 uM probe
27, and 1 mM L-Val-AMS 12, L13 = 1 uM holo-AusA, and 20 uM probe 27, L14 =1
uM holo-AusA;, 20 uM probe 27, and 1 mM L-Val-AMS 12, L15 =1 uM holo-AusA,
and 50 pM probe 27, L16 = 1 uM holo-AusA;, 50 uM probe 27, and 1 mM L-Val-AMS
12, L17 = 1 puM holo-AusA; and 100 uM probe 27, L18 = 1 uM holo-AusA,, 100 uM
probe 27, and 1 mM L-Val-AMS 12. (b) A structure of Rh labeled AusA; (Rh-AusA)).
For each panel, the image (®) denotes the fluorescence observed with Aex = 532 nm and
hex = 580 nm and the image (X) depicts total protein content by staining with Coomassie

(Colloidal Coomassie Blue Stain). Full image for gel in Fig. 2-7c.
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Figure S2-3. Full images of SDS-PAGE gels from Figure 2-6, 2-7 and 2-8. For each
panel, the image (®) denotes the fluorescence observed with Acx = 532 nm and Aex = 580
nm and the image (X) depicts total protein content by staining with Coomassie
(Colloidal Coomassie Blue Stain). (a) Full image for gel in Fig. 2-6. (b) Full image for
gel in Fig. 2-7a. (d) Full image for gel in Fig. 2-7b. (e) Full image for gel in Fig. 2-8.
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Figure S2-4. Full images of SDS-PAGE gels from Figure 2-13, 2-14 and 2-15. For
each panel, the image (®) denotes the fluorescence observed with Aex = 532 nm and Acx
= 580 nm and the image (X) depicts total protein content by staining with Coomassie
(Colloidal Coomassie Blue Stain). (a) Full image for gel in Fig. 2-13. (b) Full image for
gel in Fig. 2-14. (¢) Full image for gel in Fig. 2-15.
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Chemical Synthetic Procedures

NH, NH, NH,

Ho_\_f l)\) " s WO f\J 0 TBSO—‘(i;’::(,;j‘ .

MsO ’\/\\\

HO'  OM s16 HO' 0/\/\\\ TS0 0NN
Adenosine 33 34
NH, NH, NH,
N N
SN 0. .0 SN o
¢ f\’ d ot ¢ f\’ s ( f\
HO oN NJ (R X S‘l’ o N NJ —» X J
_\_7 0. .0 NHBoc Bo_ckj H,
Cant ST G
TS0 07NNy )\/\/ NHBoc SO 0Ty Ho' o’\/\\\
NHBoc
35 32 36 Probe 27

Scheme S2-1. Synthetic route to probe 27. Reagents and conditions: [a] NaH, S16,
DMEF, rt, 7.1%; [b] TBSCI, imidazole, CH,Cl,, rt, 81%; [c] TCA, THF, H;O, rt, 75%;
[d] 32, DEAD, PhsP, THF, rt, 78%; [e] LIHMDS, 31, DMF, CH,Cl,, rt, 47%; [f] 1)
TFA, CH,Cl,, 0 °C; 2) TBAF, THF, rt, quant., over two steps.

General Synthetic Methods: All commercial reagents were used as provided unless
otherwise indicated. S16°', 29°* and 31*® are known compounds. These compounds
were prepared according to published literature procedures. All reactions were carried
out under an atmosphere of nitrogen in dry solvents with oven-dried glassware and
constant magnetic stirring unless otherwise noted. High performance liquid
chromatography (HPLC) was performed on a Prominence CBM-20A (Shimadzu)
system equipped with a Prominence SPD-20A UV/VIS detector (Shimadzu). 'H-NMR
spectra were recorded at 500 MHz. ?C-NMR spectra were recorded at 125 MHz on
JEOL NMR spectrometers and standardized to the NMR solvent signal as reported by
Gottlieb.” Multiplicities are given as s = singlet, d = doublet, t = triplet, q = quartet, dd
= doublet of doublets, ddd = doublet of triplets, br = broad signal, m = multiplet using
integration and coupling constant in Hertz. TLC analysis was performed using Silica
Gel 60 F254 plates (Merck) and visualization was accomplished with ultraviolet light (A
= 254 nm) and/or the appropriate stain [phosphomolybdic acid, iodine, ninhydrin, and
potassium permanganate]. Silica gel chromatography was carried out with SiliaFlash

F60 230-400 mesh (Silicycle), according to the method of Still.>* Mass spectral data
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were obtained using a LCMS-IT-TOF mass spectrometer (Shimadzu).

Chemical Synthesis of 27 Compound number in bold refers to the structures shown in
Scheme S2-1.
(2R,3R,4R,5R)-5-(6-Amino-9H-purin-9-yl)-2-(hydroxymethyl)-4-(pent-4-yn-1-yloxy
)tetrahydrofuran-3-ol (33)

NH, NH,
X &
HO— o N N’J —— > HO—m o N"°N
A& S “J
HO'  ‘OH s16 HO 0NN
Adenosine 33

NaH (2.2 g of a 60% suspension in mineral oil, 56.1 mmol) was added to a solution of
adenosine (10.0 g, 37.4 mmol) in DMF (150 mL). The solution was stirred at room
temperature for 1 h and compound S16 (7.4 g, 45.6 mmol) was added. After 3 days, the
reaction was quenched by the addition of H,O and the DMF and H,O were removed at
reduced pressure. The residue was purified by flash chromatography (CHCl; to 19:1
CHCI3/MeOH), and HPLC [COSMISIL C;s-AR-II: C-18 reverse-phase column, ¢ 10
mm x 250 mm, methanol/water (30:70), 8.0 mL/min, 200 nm, #z: 34.0 min] to afford
compound 33 as a white solid (900 mg, 7.1%). 'H NMR (500 MHz, CD;0D): & 8.35 (s,
1H), 8.19 (s, 1H), 6.06 (d, J = 6.5 Hz, 1H), 4.54 (dd, J = 6.5, 5.0 Hz, 1H), 4.45 (dd, J =
5.0, 2.5 Hz, 1H), 4.17 (dd, J = 5.5, 2.5 Hz, 1H), 3.89 (dd, J = 13.0, 3.0 Hz, 1H), 3.76
(dd, J = 13.0, 3.0 Hz, 1H), 3.73-3.68 (m, 1H), 3.57-3.49 (m, 1H), 2.21-2.09 (m, 2H),
2.07 (t, J = 3.0 Hz, 1H), 1.77-1.58 (m, 2H). >C NMR (125 MHz, CD;0D) & 157.6,
153.6, 150.0, 141.9, 121.0, 89.4, 88.6, 84.1, 83.3, 71.2, 70.3, 69.7, 63.3, 29.6, 15.5.
HRMS (ESI+): [M+H]" calced for C15sH20N504, 334.1510; found 334.1508.
9-((2R,3R,4R,5R)-4-((tert-Butyldimethylsilyl)oxy)-5-(((zert-butyldimethylsilyl)oxy)
methyl)-3-(pent-4-yn-1-yloxy)tetrahydrofuran-2-yl)-9H-purin-6-amine (34)

NH, NH,
N N NN
¢y < f\,)
HO O N SO 0TV
33 34

TBSCI (2.4 g, 15.9 mmol) and imidazole (2.2 g, 32.3 mmol) were added to a solution of
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compound 33 (870 mg, 2.61 mmol) in CH,Cl, (150 mL). The solution was stirred at
room temperature. After 19 h, the reaction mixture was diluted with EtOAc. The
mixture was washed with a 0.1 M aqueous HCI solution, saturated NaHCO3, and brine.
The organic layer was dried over Na,SO4 and evaporated to dryness. The residue was
purified by flash chromatography (2:3 EtOAc/hexane) to afford compound 34 as a
white solid (1.2 g, 81%). '"H NMR (500 MHz, CDCl): & 8.35 (s, 1H), 8.23 (s, 1H), 6.14
(d, J=4.1 Hz, 1H), 5.95 (s, 2H), 4.50 (t, / =4.9 Hz, 1H), 4.28 (t, J = 4.3 Hz, 1H), 4.12
(dt, J=5.3,2.9 Hz, 1H), 4.00 (dd, J = 11.5, 3.5 Hz), 3.78 (dd, J = 11.5, 2.3 Hz, 1H),
3.67 (m, 2H), 2.25 (dt, J = 7.0, 2.5 Hz, 2H), 1.87 (t,J = 2.6 Hz, 1H), 1.77 (m, 2H), 0.94
(s, 9H), 0.92 (s, 9H), 0.11 (s, 6H), 0.11 (s, 3H), 0.10 (s, 3H). °C NMR (125 MHz,
CDCl): & 156.1, 152.8, 149.4, 138.9, 119.9, 86.8, 84.7, 83.3, 82.1, 69.9, 68.8, 68.7,
61.73, 28.5, 25.9, 25.6, 25.5, 18.3, 18.0, 14.9, 4.7, -5.0, 5.5, —5.6. HRMS (ESI+):
[M+H]" caled for Co7H4sN504Si,, 562.3239; found, 562.3298.
((2R,3R.,4R,5R)-5-(6-Amino-9H-purin-9-yl)-3-((tert-butyldimethylsilyl)oxy)-4-(pent
-4-yn-1-yloxy)tetrahydrofuran-2-yl)methanol (35)

NH, NH,
N N N SN
¢T) ¢
TBSO—W\I N E— . How N
8BS0 "'o’\/\\\ BSO" "'o’\/\\\
34 35

Compound 34 (1.0 g, 1.78 mmol) was dissolved in a 4:1 (v/v) mixture of THF and H,O
at room temperature. Trichloroacetic acid (4.2 g, 25.7 mmol) was added. Stirring was
continued at room temperature for 2 h. The reaction was quenched by the addition of a 1
M aqueous NaOH solution. The resulting mixture was diluted with EtOAc. The mixture
was washed with saturated NaHCO; and brine. The organic layer was dried over
Na,S0O,4 and evaporated to dryness. The residue was purified by flash chromatography
(5:1 EtOAc/hexane) to afford compound 35 as a white solid (600 mg, 75%). "H NMR
(500 MHz, CDCls) & 8.33 (s, 1H), 7.93 (s, 1H), 6.03 (s, 2H), 5.89 (d, J = 7.5 Hz, 1H),
4.69 (dd, J=17.8,4.6 Hz 1H), 4.53 (d, /= 4.6 Hz, 1H), 4.19 (s, 1H), 3.95 (dd, J = 13.1,
1.7 Hz, 1H), 3.72 (d, /= 12.6 Hz, 1H), 3.56 (dt, /= 8.5, 4.6 Hz, 1H), 3.28 (m, 1H), 2.10
(m, 2H), 1.80 (t, J = 2.9 Hz, 1H), 1.61 (m, 2H), 0.95 (s, 9H), 0.14 (s, 3H), 0.13 (s, 3H).
BC NMR (125 MHz, CDCl3) § 156.4, 152.3, 148.5, 140.8, 121.2, 89.6, 89.5, 83.1, 81.0,
72.0, 69.1, 68.9, 62.9, 28.3, 25.7, 18.2, 14.8, 4.7, —4.7. HRMS (ESI+): [M+H]" calcd
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for C21H34N504Si, 4482375, found, 448.2388.

tert-Butyl
(S,E)-(1-(N-(tert-butoxycarbonyl)sulfamoyl)-4-methylpent-1-en-3-yl)carbamate
(32)

Oege0

(o] NHBoc
° ph,p OS50
LN
29 NHBoc 32

31

LiHMDS (7.6 mL, 1.3 M in THF, 9.88 mmol) was added to a solution of compound 31
(1.5 g, 3.96 mmol) in DMF (5 mL). The solution was stirred at rt for 1 h and 29 (500
mg, 2.48 mmol) was added. Stirring was continued at room temperature for 3 h. The
reaction mixture was diluted with EtOAc. The mixture was washed with a 0.1 M
aqueous HCI solution and brine. The organic layer was dried over Na,SO4 and
evaporated to dryness. The residue was purified by flash chromatography (1:4
EtOAc/hexane) to afford compound 32 as a white solid (440 mg, 47%). "H NMR (500
MHz, CDCls) 6 7.10 (br, 1H), 6.91 (dd, J = 14.9, 5.2 Hz, 2H), 6.56 (d, /= 14.9 Hz, 1H),
4.58 (d, J= 8.0 Hz, 1H), 4.28 (br, 1H), 1.91 (m, 1H), 1.48 (s, 9H), 1.45 (s, 9H), 0.97 (d,
J=6.9 Hz, 3H), 0.94 (d, J = 6.9 Hz, 3H). °C NMR (125 MHz, CDCl;)  155.3, 149.8,
147.4, 127.9, 83.7, 80.0, 56.2, 41.1, 32.1, 28.3, 27.9, 18.8, 17.9, 14.2. HRMS (ESI+):
[M+Na]" caled for C16H30N,O6NaS, 401.1717; found, 401.1798.

tert-Butyl
((2R,3R,4R,5R)-5-(6-amino-9H-purin-9-yl)-3-((fert-butyldimethylsilyl)oxy)-4-(pent
-4-yn-1-yloxy)tetrahydrofuran-2-yl)methyl)(((S,E)-3-((tert-butoxycarbonyl)amino)-
4-methylpent-1-en-1-yl)sulfonyl)carbamate (36)

NH, NH,

NN N X

0. .0 N

¢y s? ¢l

S “NHBoc SIS
TBSO o’\/\\\ | TBSO o’\/\\\
32
35 36

32 (49.2 mg, 0.13 mmol), PPhs (35.2 mg, 0.13 mmol), and DEAD (60.9 puL, 2.2 M in
toluene, 0.13 mmol) were added to a solution of compound 35 (50.0 mg, 0.11 mmol) in
THF (6 mL). The solution was stirred at room temperature for 1.5 h. The reaction

mixture was evaporated under reduced pressure. The crude product was purified by
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flash chromatography (1:1 to 1:2, EtOAc/hexane and 1:99 to 3:97 MeOH/CHCl;) to
afford compound 36 as a colorless amorphous solid (70.7 mg, 78%). '"H NMR (500
MHz, CDCl;) 6 8.35 (s, 1H), 8.08 (s, 1H), 6.79 (dd, J = 15.0, 5.0 Hz, 1H), 6.62 (d, J =
15.5 Hz, 1H), 6.02 (d, J= 5.5 Hz, 1H), 5.72 (br, 2H), 4.75 (dd, J = 4.5 Hz, 1H), 4.56 (br,
1H), 4.43 (br, 1H), 4.36-4.27 (m, 1H), 4.16 (dd, J = 15.0, 7.0 Hz, 1H), 3.85 (dd, J =
15.0, 7.0 Hz, 1H), 3.68-3.59 (m, 1H), 3.59-3.48 (m, 1H), 2.21-2.12 (m, 1H), 1.97-1.79
(m, 1H), 1.85 (t, J = 2.5 Hz, 1H), 1.79-1.62 (m, 2H), 1.48 (s, 9H), 1.41 (s, 9H), 0.94 (s,
9H), 0.92 (d, J = 7.0 Hz, 3H), 0.89 (d, J = 7.0 Hz, 3H), 0.13 (s, 6H). °C NMR (125
MHz, CDCls) 6 155.7, 155.2, 153.0, 151.1, 149.8, 147.1, 140.3, 128.4, 120.6, 87.5, 85.0,
83.5, 83.2, 80.2, 72.0, 69.1, 68.8, 56.2, 48.1, 32.3, 28.5, 28.4, 28.0, 25.8, 18.9, 18.2,
18.0, 15.0, —4.6, —4.7. HRMS (ESI+): [M+H]" calced for C3;HsN700SSi, 808.4094;
found 808.4034.

(S,E)-3-Amino-N-(((2R,3R,4R,5R)-5-(6-amino-9 H-purin-9-yl)-3-hydroxy-4-(pent-4-
yn-1-yloxy)tetrahydrofuran-2-yl)methyl)-4-methylpent-1-ene-1-sulfonamide (27)

NN N
0..0 , fN 0..0 , f\N
/HA/S“N <N I ’J /H/%SW‘ <N I ’J
Ay g ey
NHBoc  Boc NH,
TBSO "'o’\/\\\ HO' "’o’\/\\\

36 Probe 27

Compound 36 (58.6 mg, 0.73 mmol) was dissolved in a 1:1 (v/v) mixture of CH,Cl, and
TFA at 0 °C. Stirring was continued at 0 °C for 12 h. The flask was placed on the rotary
evaporator, and the CH,Cl, and TFA were removed at reduced pressure. The residue
was dissolved in THF (2 mL). The solution was stirred at room temperature and TBAF
(380 uL of a 1 M TBAF solution in THF) was added. After 10 h, the reaction mixture
was evaporated to dryness. The residue was purified by HPLC [Senshu pak: PEGASIL
ODS SP 100 reverse-phase column, ¢ 20 mm x 250 mm, acetonitrile/aqueous TFA
(0.1%, 20:80), 8.0 mL/min, 210 nm, #z: 14.5 min] to afford compound 27 as a colorless
oil (37.4 mg, quant.). '"H NMR (500 MHz, CD;OD) & 8.44 (s, 1H), 8.35 (s, 1H), 6.78 (d,
J=15.5 Hz, 1H), 6.61 (dd, J = 15.5, 8.0 Hz, 1H), 6.11 (d, J=5.2 Hz, 1H), 4.54 (t, J =
5.4 Hz, 1H), 4.67 (dt, J=4.7, 1.5 Hz, 1H), 4.21 (dd, J = 8.0, 4.0 Hz, 1H), 3.81 (m, 1H),
3.76 (m, 1H), 3.61 (m, 1H), 3.39 (dd, /= 6.0, 3.8 Hz, 1H), 3.37 (t, /= 3.4 Hz, 1H), 2.18
(m, 2H), 2.12 (t, J = 2.9 Hz, 1H), 2.04 (m, 1H), 1.74 (m, 1H), 1.70 (m, 1H), 1.05 (dd, J
= 6.9, 2.9 Hz, 3H), 1.00 (t, J = 6.6 Hz, 3H). °C NMR (125 MHz, CD;OD) & 153.2,
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149.7, 147.0, 143.8, 173.1, 135.34, 121.0, 89.4, 85.6, 84.1, 82.9, 71.3, 70.5, 69.8, 57.9,
453, 32.2, 29.6, 18.8, 17.9, 15.5. HRMS (ESI+): [M+H]" caled for CaH3N;0sS,
494.2180; found, 494.2242.

Chemical Biology Procedures

Protein expression and materials: Recombinant proteins apo-AusA, apo-AusA,, and
holo-TycB, were expressed and purified as previously described.’”*” The holo-TycB,
expression construct was kindly provided by Prof. Mohamed A. Marahiel at
Philipps-Universitdit Marburg, Germany. Recombinantly expressed Sfp (PPTase;
Bacillus subtilis) was overexpressed in E. coli as the native protein (untagged) and
purified previously.”” The Sfp expression construct was kindly provided by Prof.
Michael D. Burkart at University of California, San Diego, USA.

Preparation of lysates for proteomic labeling experiments: Bacillus subtilis
(Ehrenberg) Cohn (ATCC 21332) was obtained from the American Type Culture
Collection (ATCC). The seed culture from frozen stock was revived for 24 h and grown
in a minimal salt (MS) medium with 4 mM of Fe*" at 30 °C at 200 rpm. The medium
contained 4% glucose, 30 mM KH,PO4, 30 mM Na,HPO,4, 50 mM NH4NOs, 800 uM
MgSOs4, 4 mM FeSO4, 7 uM CaCl,, and 4 puM sodium EDTA. The seed cultures (2.5
mL) was transferred to 250 mL of medium which contained 4% glucose, 30 mM
KH,PO4, 30 mM Na,HPO4, 50 mM NH4NOs, 800 uM MgSOs4, 4 mM FeSO,4, 7 uM
CaCl, and 4 uM sodium EDTA, and the resulting mixture was incubated for 24 h at
30 °C at 200 rpm. The cells were harvested by centrifugation and stored in the freezer
until used. The frozen cell pellet was resuspended in 20 mM Tris (pH 8.0), 1 mM
MgCl,, 1 mM TCEP, and protease inhibitor cocktail. Because of the lability of the
synthetase during mechanical cell disruption processes, a gentle treatment of cells with
lysozyme (0.2 mg/mL) was used to release intracellular protein. The cell suspension
was incubated at 0 °C for 30 min. The mixture was then incubated at 30 °C for 30 min.
The solution was centrifuged for 10 min at 15,000 rpm and the pellet was discarded.
The total protein concentration was quantitated by the method of Bradford.*
Phosphopantetheinylation of apo-AusA; and apo-AusA,: The in vitro
phosphopantetheninylation of apo-AusA; was conducted in a 1 mL reaction containing
0.1 pg/uL apo-AusA,, 0.008 pg/uL Sfp (native), 15 mM MgCl,, 1 mM TCEP, 0.5 mM
CoA, and 50 mM potassium phosphate, pH 7.0, at 37 °C for 12 h. The in vitro
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phosphopantetheinylation of apo-AusA; was carried out in a 100 pL reaction containing
0.6 pg/uL apo-AusA,, 0.008 pg/uL Sfp (native), 15 mM MgCl,, 1 mM TCEP, 0.5 mM
CoA, and 50 mM potassium phosphate (pH 7.0), at 37 °C for 12 h. The reaction
mixtures were dialyzed against 20 mM Tris (pH 8.0), 1| mM MgCl,, and 1 mM TCEP
using Amicon Ultra Centrifugal Filter Units, MWCO 50 kDa (Millipore). The
holo-AusA, and holo-AusA, proteins were quantified by the method of Bradford.*
After the addition of 10% glycerol (v/v) the proteins were stored at —80 °C.

Labeling of recombinant apo-AusA; and holo-AusA; by probe 27: Standard
conditions for probe 27-recombinant protein reactions were as follows: recombinant
apo-AusA; (350 nM) and holo-AusA; (350 nM) were treated with probe 27 (100 uM
from a 10 mM stock in DMSO) in assay buffer [20 mM Tris (pH 8.0), 1 mM TCEP, 1
mM MgCl], respectively. Inhibition study was carried out by pre-incubation of
holo-AusA, (350 nM) with L-Val-AMS 12 (1 mM from a 100 mM stock in DMSO) for
10 min at room temperature. In all experiments total DMSO concentration was kept at
2.0%. After 12 h at room temperature, these samples were treated with the click reaction.
Rh-azide, TCEP, TBTA ligand, and CuSO4 were added to provide final concentrations
of 100 uM, 1 mM, 100 pM, and 1 mM, respectively. After 1 h at room temperature, 5x
SDS-loading buffer (strong reducing) was added. Samples were separated by 1D
SDS-PAGE and fluorescent gel visualization was performed using a Typhoon 9410 Gel
and Blot Imager (GE Healthcare).

Determination of an optimal pH for the labeling of holo-AusA; by probe 27:
Recombinant holo-AusA; (350 nM) was incubated with probe 27 (100 uM from a 10
mM stock in DMSO) in 20 mM Tris, pH 6.5, 7.0, 7.5, 8.0, and 8.5, 1 mM MgCl,, and 1
mM TCEP. For inhibition studies, holo-AusA; (350 nM) was pre-incubated with
L-Val-AMS 12 (1 mM from a 100 mM stock in DMSO) for 10 min at room temperature.
In all experiments, the total DMSO concentration was kept at 2.0%. After 12 h at room
temperature, these samples were reacted with Rh-azide for 1 h at room temperature.
Reactions were treated with 5x SDS-loading buffer (strong reducing) and subjected to
SDS-PAGE. Fluorescent gel visualization was performed using a Typhoon 9410 Gel
and Blot Imager (GE Healthcare).

Time-course studies of the labeling of holo-AusA; with probe 27: Recombinant
holo-AusA, (350 nM) was treated with probe 27 (100 uM from a 10 mM stock in
DMSO) in assay buffer. For inhibition studies, holo-AusA; (350 nM) was pre-incubated
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with L-Val-AMS 12 (1 mM from a 100 mM stock in DMSO) for 10 min at room
temperature. In all experiments, the total DMSO concentration was kept at 2.0%. These
reaction mixtures were incubated for the indicated time (0-24 h) at room temperature.
These samples were reacted with Rh-azide for 1 h at room temperature. Reactions were
treated with 5x SDS-loading buffer (strong reducing) and separated by gel
electrophoresis. Fluorescent gel visualization was performed using a Typhoon 9410 Gel
and Blot Imager (GE Healthcare).

Comparing the labeling property with holo-AusA;, holo-AusA;, and holo-TycB;:
For holo-AusA,; (A: L-Val), holo-AusA; (A: L-Tyr), and holo-TycB; (A: L-Pro) labeling
experiments, probe 27 (100 uM from a 10 mM stock in DMSO) were individually
added to a 50 pL reaction containing /holo-AusA; (350 nM), holo-AusA; (350 nM),
holo-TycB; (350 nM), and assay buffer. For inhibition studies, holo-AusA; (350 nM),
holo-AusA; (350 nM), and holo-TycB; (350 nM) were pre-incubated with L-Val-AMS
12, L-Tyr-AMS 20, and L-Pro-AMS 8 (1 mM from a 100 mM stock in DMSO) for 10
min at room temperature, respectively. In all experiments, the total DMSO
concentration was kept at 2.0%. After 12 h at room temperature, these samples were
reacted with Rh-azide for 1 h at room temperature. Reactions were treated with 5x
SDS-loading buffer (strong reducing) and subjected to SDS-PAGE. Fluorescent gel
visualization was performed using a Typhoon 9410 Gel and Blot Imager (GE
Healthcare).

Measurements of labeled holo-AusA; percentage by probe 27: Recombinant
holo-AusA, (1 uM) was treated with probe 27 (1, 10, 20, 50, and 100 uM) for 12 h at
room temperature in assay buffer. For inhibition studies, recombinant holo-AusA; (1
uM) was pre-incubated with L-Val-AMS 12 (1 mM from a 100 mM stock in DMSO)
for 10 min at room temperature. In all experiments, the total DMSO concentration was
kept at 2.0%. After 12 h at room temperature, these samples were reacted with Rh-azide
for 1 h at room temperature. Reactions were treated with 5x SDS-loading buffer (strong
reducing) and subjected to SDS-PAGE. Fluorescent gel visualization was performed
using a Typhoon 9410 Gel and Blot Imager (GE Healthcare). Protein labeling by probe
27 was quantitated by measuring integrated band intensities using Imagel. A
TAMRA-conjugated BSA (50, 100, 200, 400, 600, 800, 1000, and 1200 nM) (Thermo

Fisher Scientific Inc.) was used as a standard of fluorescence intensity.
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SrfA-B labeling of B. subtilis ATCC 21332 proteomes: B. subtilis proteome (2.0
mg/mL) was treated with probe 27 (100 uM from a 10 mM stock in DMSO) in assay
buffer. Inhibition studies were performed by pre-incubation of B. subtilis proteome (2.0
mg/mL) with L-Val-AMS 12 (1 mM from a 100 mM stock in DMSO) for 10 min at
room temperature. In all experiments, the total DMSO concentration was kept at 2.0%.
These reaction mixtures were incubated for the indicated time (0-12 h) at room
temperature. These samples were reacted with Rh-azide for 1 h at 4 °C. Reactions were
treated with 5x SDS-loading buffer (strong reducing) and separated by gel
electrophoresis. Fluorescent gel visualization was performed using a Typhoon 9410 Gel
and Blot Imager (GE Healthcare).

Labeling of the CP-domain of SrfA-B in native proteomic environments: B. subtilis
ATCC 21332 proteome (2.0 mg/mL) was individually treated with L-Val-AMS 12,
L-Asp-AMS 22, and L-Leu-AMS 13 (10 pM or 5 uM from a 10 mM stock in DMSO).
These samples were incubated for 10 min at room temperature and subsequently reacted
with probe 27 (100 pM from a 10 mM stock in DMSO). In all experiments, total DMSO
concentration was kept at 2.0%. After 12 h at room temperature, these mixtures were
treated with Rh-azide for 1 h at either 4 °C or rt. Reactions were treated with 5x
SDS-loading buffer (strong reducing) and separated by gel electrophoresis. Fluorescent
gel visualization was performed using a Typhoon 9410 Gel and Blot Imager (GE
Healthcare).
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'H-NMR (500 MHz) and *C-NMR (125 MHz) spectra of 33

T
00z 560
660
ory £00 .
St — e ———
3 e
1071
= -
w0
ol B
001 L
£
ZL =z
- 960
2 660 -
Nﬁ\N O N —_— — -
<)
sm
)
z
0'810LT 09T 0ST 0F1 0°€T 0TI 01T 001 0'6 08 0L 09 05 0F 0f 0T 01 0
souepunqe

6.0

7.0

8.0

9.0

1809
==0L0'9

—— 7618
—8¥€8

X : parts per Million : 1H

0¢

0T

01

souepunqe

90.0

150.0 140.0 130.0 120.0 110.0

160.0

70.0 60.0 50.0 40.0 30.0 20.0

80.0

100.0

—— PS¥'S1

——0LS'6T

— LTE'E9

L1169
= oLzoL

TUNSSTIL

6058
T €908

59588
“pIpe8

soo'rct

——SLYIYI

——€L6'6Y
—— L6S'ES

——¥8S°LS

X : parts per Million : 13C

126



'H-NMR (500 MHz) and *C-NMR (125 MHz) spectra of 34
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'H-NMR (500 MHz) and *C-NMR (125 MHz) spectra of 35
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'H-NMR (500 MHz) and *C-NMR (125 MHz) spectra of 36
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