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SR EE
B

KL TIFLAT OREEEZ R L 72,

angstrom
°C degrees Celsius
2-CT resin 2-chlorotrityl chloride resin
aa amino acid
Abs absorbance
A domain adenylation domain
ADP adenosine diphosphate
AEEA 2-[2-[2-(Fmoc-amino)ethoxy]ethoxy]acetic acid
Ala (or A) alanine
Amp ampicillin
AMPA 3-amino-2-methylpropionic acid
aq. aqueous
Arg (or R) arginine
Asn (or N) asparagine
Asp (or D) aspartic acid
ATP adenosine triphosphate
Boc tert-butoxycarbonyl
Bu butyl
Bzl benzyl
cal calorie
calcd. calculated
C domain condensation domain
CoA coenzyme A
Cys (or C) cysteine
d doublet
Da dalton
Dab a,y-diaminobutyric acid

DBU 1,8-diazabicyclo[5.4.0]-7-undecene



DCC
DCM
Dde

DIC
DIPEA (or DIEA)
DMAP
DMF
DMSO
DNA

E. coli
EDCI

E domain
EIC

eq

ESI

etal.

Et,O
EtOAt
Fmoc

g

Gln (or Q)
Glu (or E)
Gly (or G)
h

HATU

HBTU

HFIP (or HFP)

His (or H)

HOAt

N, N’-dicyclohexylcarbodiimide
dichloromethane
1-(4,4-dimethyl-2,6-dioxocyclohexylidene)ethyl
N,N’-diisopropylcarbodiimide
diisopropylethylamine
4-dimethylaminopyridine

N, N-dimethylformamide

dimethylsulfoxide

2’-deoxyribonucleotic acid

Escherichia coli
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
epimerization domain

extracted ion chromatogram

equivalent

electrospray ionization

et alia

diethylether

ethyl acetate

9-fluorenylmethyloxycarbonyl

gram (s)

glutamine

glutamic acid

glycine

hour (s)
1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-
oxide hexafluorophosphate
1-[bis(dimethylamino)methylene]-1H-benzotriazolium 3-oxide
hexafluorophosphate
1,1,1,3,3,3-hexafluoropropan-2-ol

histidine

1-hydroxybenzotriazole



HPLC
HRMS
Hz

i

Ile (or I)
IPTG

J

L

LC
LC-MS
Leu (or L)
Lys (or K)
M

Mel
MeOH
Met (or M)
MHC

MIC

min

mol

MS

Mw

NCL

high-performance liquid chromatography
high-resolution mass-spectrum

hertz

iso

isoleucine
isopropyl-p-D-1-thiogalactopyranoside
joule

couplingconstant

kilo

kanamycin

liter

liquid chromatography

liquid chromatography-mass spectrometry
leucine

lysine

molar

milli, min, multiplet

micro

mass-to-charge ratio

methyl

acetonitrile

iodomethane

methanol

methionine

minimum hemolysis concentration
minimum inhibition concentration
minute (s)

mole (s)

mass spectrometry

microwave

native chamical ligation



n.d.

Neo
NMR
NRP
NRPS
ODS
ORF

Orn (or O)
Oxyma
P450

Pbf

PBP

PCP
PCR

PG

pH

Phe (or F)
PI

PPI

ppm
PPTase
Pro (or P)
PyBOP
R domain
rd.s
RNA
rpm
quant.

s

S. aureus

S. albidoflavus

not determined, not detected
neomycin

nuclear magnetic resonance
nonribosomal peptide
nonribosomal peptide synthetase
octadecyl silyl

open reading frame

ornithine

ethyl cyano(hydroxyimino)acetate
cytochrome P450
2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonyl
penicillin-binding protein
peptidyl carrier protein
polymerase chain reaction
protecting (or protective) group
potential hydrogen

phenylalanine

isoelectric point

protein-protein interaction

parts per million
phosphopantetheinyl transferase
proline

1 H-benzotriazol-1-yloxytripyrrolidinophosphonium hexafluorophosphate
reductase domain
rate-determining step

ribonucleic acid

rotation per minute

quantitative

singlet

Staphylococcus aureus

Streptomyces albidoflavus



SAL

SDS
SDS-PAGE
Ser (or S)
sec.

SNAC

Sp

SPPS

SSN

std.

STL

t

t

T domain
TEA

TE domain
TFA

THF

Thr (or T)
TIS

Tris

Trp (or W)
Trt

Tyr (orY)
uv

Val (or V)
WT

salicylaldehyde

sodium dodecyl sulfate
sodium dodecyl sulfate polyacrylamide gel electrophoresis
serine

second (s)
N-acetylcysteamine

species

solid-phase peptide synthesis
sequence similarity network
standard

serine/threonine ligation

tert

triplet

thiolation domain
triethylamine

thioesterase domain
trifluoroacetic acid
tetrahydrofuran

threonine

triisopropylsilane
tris(hydroxymethyl)aminomethane
tryptophan

trityl

tyrosine

ultraviolet

valine

wild type
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HRUEY R Y — L~ 7' F FER{URESR SurE DR

IREE D FIH oottt e 27
EHIEL T DIRZR LR THIEFRR oo 28
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Surugamide F 22 &I 3513 2 MK RS DRI (oo 36
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B BIEREXV T4 & LTCOBR<TFF

WS, R cRF A ZHEICHEA, JEEEICE LTI 2007 FEEho 2 AT 1 AR
100 a2 CTAEZ 2 [ AL 100 R BFRT 2 L FbTnd L2, EAEFHE D5
I XL, AFLD 2022 F I BT 2 FEFFaIT T TED 81.05 7%, K 1EDS 87.09 /K TH 5
— T, BRMFKREREZ D 1947 FIiC BT 2 F¥FEa T BIEL 50.06 . ZolEA 53.96 4F
THY, WEKTOFETHLL HICI0FEL LS FFMMALERL Tnd Z L3I,
ZOVHFEMOMEICKERFELZRITLZLDE LT, EEDES, &) bIFERLD
A BEBET ON S 4 7 TOEBE L il X F 72 0B IV ERRE AT S 1,
TAEEIMIC B3 2 Bl Asite A L 7 2 & 0 AN LWRIER 75 & O IR T S e 2 & %
PLAEWE OBFE - FHIC X Y TR BROBESEA Lz LB RECHBL T3,
WRIHEREDIIC B\ WTh, Atz Mg, HER &k ERAYEDBER ICHIAEME R & ik
HxF72 L CTwd, 20 HACYIBEICH OHUEYE salvarsan MEROY CEH I N2 L %KL
Yl iz, streptomycin % chloramphenicol & K& IZHT L WHIAEVE BEF I Xz 5, T8
TIIRFAEAT O I PR A K OBIFE A A T Th i, (L PR R b MBS 2
OB EY DIBHRICE TIAD 5 72,

TR DEETIRE L, AR LAY E L T2 00 ERE EoTWn» 3 &5, (K
SYERSE R, MO TEIBERED ST UEMES &k 5 ERLORIFTH
(Figure 1-1a), KT EHG I 0 TEIVN S Wiz oL FAKIC X 2 KEMHR 2 THE ok
IAMEMZSLENTE S ) 2. MR Z@E T & 2 b 0% ROKE
DUHETH 2552, av e F b Y TAARRIC X VSRR ITITA 2 K E Hfl A
THb, TD—FT, BT FAZXBNE - oGO LEEDSHIRE 123 e, BN T
L OMANERE AN E Wiz | FEFLEREME C BIER 2% WSS e 72> T 3 9,

Ptk KL 325 2 vy BEHEMIZ, IS TED 15 LA ED 1 DEIE O
T»H 2% ' (Figure 1-1c), PUALESR X2 OMEEMM:-CHEFERI O K Z S 5 5@ A%
AR REEZE L, X513 g v s 7B EVER (PPL Protein-protein interaction)
DIHED WEETH 2720, TERDIED FEEMTRHENL 32 2 L ARNEETH o 72K E~
DT 7a—=F2AHRETH B 10 L LAad b, JURESREMINT I 4 XK E HiluE%
T E Rz 0BEAHEE RO N2 5 2, mEsEE T R P LRtk X 2 RG]
REDIEFN RO T 2SFE L 7> T % 10,



DX )T, KoTEENLETRERENOMSEZIFERHL., DO, MFEDOREEZT
HRL 5 28775918 L LT, 500~3000 Da DO FRBZEHT2H5TF. &b FER~T
F R 2F 72 RAIZE Y — X & LCEHE LT 5 15 (Figure 1-1b),

SR P

o
a)
Small molecules Cyclic peptides Biologics
Molecular weight (Da) <500 500~3000 > 150,000
Specificity Low High High
Side effects High Low-Medium Low
Intracellular access Possible Possible Impossible
Oral delivery Possible Possible Impossible
Production cost Low Low-Medium High

Figure 1-1. & E3E 5 50FHE DKL
Q) o TFEEMOREE b) BIR<T7F FEEMSOFH o) JUREERN DR

BUK~=7F FIZMIEZR L ¥EEE 2 HT 2 2 b, ERNOMLEEIC X 2 0MEE h
EN-RMLEREEL R T iffdng, $72, Ko FEEHEEELZFmE LT,
EHHIE O 72 0 OGEBMIN B D RS BE T o5, <7 F P LAY IR & B % FH
T2 CHEENAT IV BEEPTA 720, HODMBICEADEREZEAT S C
EORHECTH O . WEIGTEMHBIE & IR A S IcEficZ 2, b, KaTkate
TR & OILCHEEAT (500~700 A LAE) 228G L., fifkh o x v gl
Hl & FERIC RS SR C R R 26 T 2 20 EIfEH KR s c & 2, £, fifk
LHRTNS W TEEE T 5 72 0 MRABLEE-CRE OFI S b IfFc & | (Ko FERMST
ZHEL v & XN BN PPI BHER ORFE~ LICHFIRETH 5, 2001 FFiIcfTbze 7
J LORNTRERICX 2 & AN TE K PPLIZAFH30 H3Z —vich REE I NTn3 16
7, PPLICRY G5 2 & v o5 7 B ORI 1L T 1500~3000 A & K% <, PPI DHfilif



I OARIE L — TR TH B, 2O )T, RERDES TESEMIC I T 2 W

&Ny O I AR 13 300~1000 A FREECH B, 72, %< D PPLIFMED

MIE PRICHIE L. D FRES K E WHURESREM B FETE v, Ledio T, BRIk~

7 F PN BATIE SRR R 2 WA RO A iR LTHIfF I TE Y AL

DSAH, IMAERTEH SR, BSE & SRA IR E 2 D RICAEEMIRE A ED b Tn g 1820,
Stk. MINEA PPI ZHlfH 3 2 Bk~ 7' F FIEEROWIZEFFE I 2 NMEL T T &3y

I, I CTHMRIBEENTLE L &2 o 72 “undruggable” 2 21 2, BTE DR EE DS

BRI TRk 2 RREBION L CENZIBEERE IR ¢ & 2 C L 3R I L 5,



B ARARNTFECL T FFo~vrm s s 20qt

el U 72 Bk = 7' F F o BV O BB IIBRIREE S EE CH 2 23, HERAERNFIE
k=T FFo~vwruZ 7 22LidfllloMLVWRIETH Y, ARAKOREIEHE
LOWHESICEWTD WL D20 EZ KL CWwb, @, *7F FERICE T DCC
PyBOP IR X 1 2 fiia il % RIS ICH W 2 56, G X TR0 @ SOGHEIC X )
_TFFH CREGT I /BT X VL L 72 5 21 (Figure 1-2), 3. fHAANC X
DIEHAL S NZBIR T F F D C K7 I FEEZ DD THD T AT AEA~RKIEKEL .
SBRTXI77 %4 %, Z0%, TAZ7 7 Fvolii7a b vt -HF7 e b v
T5Z2&8T a MiDVIRDIER L 72 iR MR R R U, $id 7 3 v ORBMERRZ 5 2 &
T~ —04KT %,

i 3
0 Coupling o H 0O R H
H H idati 1
1 reagent 1 Amidation R N\)L )ﬁ(N‘ .
RUAN \)k oH RU AN \)L « e R
O R? O R? O R o]
3 . -
X = activating moiety R H desirable peptide
HZNJﬁ( R
6}
3
0 { Amidation R H i H
(0] g<—> O N\ , = (0] 2 W ﬁ)LNJﬁ( ~R4
J\\ R J\\ R JQ R ) N
R N RT N R7 N O R o)

epimerized peptide
azlactone P pep

Figure 1-2. 7' F FARICEH T 5 = v 2 U LEklE

KRR 7T FOLFEAEBICE WTIE, Fmoc 7 2 /E° Boc 7 2 /MEIcfREE N2 X5 7%
N K7 I VBANNE = CIRESINZT I/ BErerT s v 7 7uy 7 LTHWS
TLT, 5 BRTXI7 oK ENGIT SN TE S (Figure 1-3a), £D729, 7T
IV BEDMEE L NN — MREEOREZBE VKR LTV, | BEFTORTF P MRS
28T, FTEDEERSTF FE2EWIETAKRT 2 Lv3fiETh s, £20—7T, B
KR TF FoLFEEKICET LR TF Fo~vra 77 2 LicswTizZDRY Tt
T, TG, HIRRTF VD C RIgREIEZ AV AL — MEETIE RS T I FiidEz &
2720, 5 BETXI 27 VIBEE N LT X VLaRTEE 72 % (Figure 1-3b), Z #LIC
L0, HWBLEDOINERSKIBICK TS 2L bic, #TL70~ 2 T74—I1CX5 epi



RO IEME 7 B - RERUERED ML 2D, ThICMA T, AT 2o FRfEaZHH T 2
R HEME T RIS ZIT ) BB H Y. REOHKAEZHET 5 b BR<TF
FAROHEL LTETLoN5,

Carbamate
(Fmoc/Boc) o c . D tecti
H oupling eprotection
t Amldanon N Coupllng
2) OWNQLOH reagen NJ JL JY v
0 R!

desirable peptlde

No formation of
azlactone intermediates

R1 H

Azlactone formation N

R4

HN
OH Coupling R ° ©
peptide
b) HNy\g NH, reagent H N NH,  Macrolactamization

oA pepice /G %, °Rz e
0 o (9]
v Low yield
Flgure 14 ﬁé\«lﬂ('\7 % }‘ k i/'ﬂ']j(’\7 _7‘ }\ @{E'i’ BJZ v Difficult to separate

v High dilution condition
a) Fmoc 7 I /% HW 3k~ 75 FoMERIG
by $k~TFrD~rm 77 x2{licsF s CRIRED T X VAL



DX BRERATF VAROMEZ WS 2 72», ITFETIE C RKipkkkoz e x vt
ZHH L 728K~ T F Yo~ 0 7 7 2 MUFEDPEBIIFE T LT 5, 2018 5, T v
b VKD Chatterjee © DHFFE 7V — 71d, Cys #FEIC X % native chemical ligation (NCL)
ZRAL 2@ b EEBRN e~ 20 7 7 2 LEFEZ2 G L7z 2 (Figure 1-4a), AFE T,
7aelffg e Y FULRE X L7z 2-(aminooxy)ethanediol % rink amide fl§~HFF L MEGA
BilgL L7zDb . Fmoc FMHARKIC X 27 F FoffiEe TFA i X3EHEr 08I0 L
ZATWIRREOHIR~ 7T P2 &R T 2, wmEiC, $IR<TF F 28BS4 (pH 4.0-6.0)
gz, AFHDOFA—NLVDORKKEEICK 2 FFH T AT b e N K Cys EEETD
NCL 238 5#5¢ Y 2> 2 m LB RIS ST L. HI D head-to-tail BR{LIAZ KT 5, RKFiET
3 C RO e A LRI TV vFy F TERAE#EDOERIR<7F F 2 AT
225 —J7C, HIREHE ML AGRICELBEBORIGEET 2 2 L CHMIIEIPERETH 5
LD E 7%, Chatterjee O IIATHEZ M) 7Y VIHEEWRZET2BRRT P77 H
7'F F SFT-1 (110G) D&~ & WA L, AMUEW % #ICK 30% T+ T\ % (Figure 1-4b),

Solid-phase
a) o Trts j peptide synthesis

B'\)kOH - DIC o o L

Bromoacetic acid
h—@) WA @ T L. TFA

i i HyN STrt A ?]pq Cleavage
Rink amide 2o MEGA resin . - Deprotection
resin S-Trityl-2-

(aminooxy)ethanediol

b) HoN pH 4060
o N\
? § HLNHQ
SH HNeo H o H N />S NH2
NA, o o ° ;
o
o NH NH N S—>N acyl shift
jf A, o

Head-to-tail
COOH cyclic peptides

NI—H
Cop S e
SFT-1(110G) (overall yield 30%)

Figure 1-4. Native chemical ligation IC X 2 =7 F FD~2or v 7 7 % L1t
a) ATEOAKAF—24 b) SFT-1110G) DAL A

E 7oy [FEFIC 3=y —=7 YV KFED Olsen b DWFFE 7 NV — 71 NCL % ] L 7= FEHH A K
Bl bco~vra 77 2 2 fbFikxkwHE L7z 2 (Figure 1-5a), ARFiETIX, rink amide £
JEIC Gly & 3-amino-4-(methylamino)benzoic acid (MeDbz) % fH¥f L. Fmoc [EAHARKE I
D _TFVHEMET 5, 20k, 50N 7EHEK~ 7 F FIC 4-nitrophenyl chloroformate
LR &€ MeDbz RO 7 > AL &L 24T\ TFA I X 2 iR & i< NCL



WKL B0 FA~sv 7272 24LICK Y HIYD head-to-tail BRILIAZ G T 5, RFETIE.
_RTF VEEEHENE» SV ) BT BB R w20, ERRTEEHRTARRT Y 7%
Bgftc% %, 72, GHENE L CORLRIG TS 2 7= o HIEE O M < B o BRILIK Z 15
5IEHTED, LD )T, <7 F FEMAKICIIL S MeDbz B2 BT 2 L8 D
% 7= AT 2 2 K. HIWYIOGEINGEME W HASRE & 72 5, Olsen b 1A
FikxEHOWTEIRA 7 2 <7 F F desotamide B CERIK T /1 = 7 F F tyrocidine A O ¥ 7x
. HREDOEL ZERIRRTF FREBAKT 5 LIc P LT3 (Figure 1-5b),

™ Solid-phase
a) EmocHN OH peptide synthesis
7~ N\

\
1. Fmoc-Gly o HN uw © HIL o
HBTU, DIEA Fmoc-MeDbz H
nn—@) — FmocHN NJLN‘ — NI
2. piperidine HBTU i H HN H'
Rink amide DIEA o
o]

resin

: L
Q ° ":)Hz o CI)LO
N - 1. 4-nitrophenyl
( H HN 2 on PG chloroformate
NH Y
N STrt DIEA

HN J H
b) Py 0° o 2. TFA
m ¢ . NC o HN~ MR -
R TN R \
SH o 2
O)\/Nﬁ ° o S —N acyl shift 53 H'
o [e]
oo d-to-tail N
. - Head-to-
desotamide B (V1C) tyrocidine A (V1C) cyclic peptides
(overall yield 23%) (overall yield 24%)
HoN SH

Figure 1-5. [EtH & U AE | T D native chemical ligation I X 2 X7 F F D~ v 7 7 % L4t
a) ARTEOEMAF—L  b) desotamide B (VIC) & tyrocidine A (V1C) DAL At

FRROXIANCLEZHHLZRTF Fo~vru T 7 x2u{bid, REEEZH VS & RL
LB IRECEADBRRRTF V2525 oG FEL 208, BAINIC
Cys BEZLEL T2 0PMEDKIPHECTH o7z, LV EEEMEMHDINWFiEL
LT, 2018 FFICHMEEARAED Kao b DIFFE /N —T1I_ v ) P Y TV —ABEEZ M L
kT F Vo~ m 7 7 2 0 MLFEZRFEL 2 2 (Figure 1-6a) . ARFETIlL, rink
amide f1I§ I o-aminonitrobenzoic acid Z{HFFL 72D 5, SnChL ZFH W T =+ v HEDEITTE 1T
2TV TIvVET S, D, Fmoc EMHABIEICTTF F#HZE L. isoamyl
nitrite IC X2 _ YV MY TV ABROBK LK TR~ v T 7 2 2 Lxk(T 5 & TRIK
~7'F FOMIEEERE SR T 5, RFER Cys BIEEZFIFH L 72 NCL ITIRTE L 729,
BREEIREOHIR 2 LICHOBIR<7F F% 90%LA LOMECfF2 2 L 30HETH %,
ZD—F T, XYY MY T V= VEROTGRICEELE O SOG % B L AR TR EHEIC 72 5 5



R RVYV MV TY-NREDOT I v REREORE CEMHAK Z1T ) 720, BIKISIC X
DIEPME T 32 midf#E L %2 %, Kao HIIAFELR MY 7y VIHEEEZH T 28K T
NI THRTFE SFT-1 DA~ EEA L, AMEAY 2RI 42% T35 2 LICIIL T
\»2% (Figure 1-6b),

[o}

ON Solid-phase
a) OH peptide synthesis
HoN - DIC

o]
o-aminonitrobenzoic acid | i | nitrit
A HoN isoamyl nitrite
HZN' — N’
HN
o]
PG

SnCl,, H,0, DBU DMF
H,N
o
b QN
) 9 n N @
SH pned N N N N, H
S/@ ° ° ° nen {

Rink amide HoN
2

resin
N o o
NH NH
o A 1. DIPEA PG AN
NNk, o N Macrolactamization NH,
NH -
AN 0 COOH 2.TFA
YH . o o Deprotection
5 AN o Head-to-tail
Macro - a N N N cyclic peptides
cyclization
o} HS

SFT-1 (overall yield 42%)

Figure 1-6. [EIHAKEINE L To~TF Fo~2u0 5 27 2 24k
a) AFEDOHMAF —2L b) SFT-1 DL

T HIT, 2019 FFIT X VRV Y RED Hutton b DIFFEZ Vv — 71, 547 I P& Agh4 4
VICEBAVAIVNEEENLEZRTF Fo~vrnv 77 2 b FiExHE L 72 2 (Figure
1-7a), AFETIE. N RKICTF AT I P&z AT 5 8#Ik<7F V% Fmoc EMHEHKIEIC
VAL -0b, RICHRHICRIERZRMNT 522 & T, AgA A VICKE_TFFHEHCEK
AR FLHE NKGTFAT I FETDA VA4 I FERE, $i 2 THT & AVERBKIE
DHEFT LBRR R 7F F 24T 5, ATFiiZ HATU @ X 9 AfEAF 2R L - fekilo~
7 a7 72 LMUFE LS TRICER TGS WA R 2 G 2 77T, B L & 28K
RTFNEART 2720 F AT IVEEZAT LTI/ BorT 4 v 7ay 7 k)l
WA T 2 R D Y FEAKOEMIC R 2 HE E 72 5, Hutton b IZAFEE HW
% Z & T, gramicidine S, mahafacyclic B RGD X 7' F } 7 & DAEYREEEIR < 7' F F %L
K 20~30%TAMT 2 Z LIcKII LT3 (Figure 1-7b).

DEDo X i, k= 7F Vo~ n 77 2 2{LFERIZSHICE S T TR -
I NTEHEY ., EREMEZ 2 EO — IR E o052, Zo—FT, BILKIG
ICH W 3 EEOFIRCHEE AR OEM S . AR I DRIV kA L L TiE
DHRMEKRLCEY ., L VENTREEOE I8 T 7 2 MEFEORBELEE N,

8



Solid-phase

a) peptide synthesis Ho
o]
Ag,CO
@ — N
CI-Trt resin e}
5
~ NH, Head-to-tail
Thioamide-containing Nm cyclic peptides
linear peptide PG
Macrocyclization

HoN \ -

b) \\\ 0

h o]

e N
\j\"’( 'HOHN @ Macrocychzatlon
N -~

Macrocyclization
o} OQQ O O y
o [} \
H,N NH HN [oN
o NH ‘\g }
Cf( \\\)/L RL,«N o
B N
STNH 4o I
@ NN ° o o="" Hi(\A NH
o
o o \/\iN)K/NH NH HN o u%
S HO o%

NH,
OH

gramicidine S (overall yield 29%) mahafacyclin B (overall yield 31%) cyc(RGDfK) (overall yield 21%)

Figure 1-7. 747 I Fe Ag A AV 2L 7=_TF VDO~ rm T 27 2414k
) KAFEDOAWMAF—L b)) ARFETHRLLERRR7F F oL



B EEANALEXTFFow2ru T 7 241k

Feil L 72 ABRAKPTIEIC A, BFETEANZ T ) 7ToY» a3 2R MAL 72+
7FFD~wruZ 7 R MEFEDLEFEFEI N TN S, 27 F FERUEER L, WA 5
T REEEZH VS 2 L @O ERRESERME - ZAERYE - A7 EERECBRLRG % fif
W2, 207D, BRENAL 2~7F FERIGEZBHF O ARG I FE O Rz
T2 RN CERIEFMNE ICEN . FE L LTI I hTw 3, BlifE, B L Coi
H AR S 5K e~ 7' F FER{LEEFE L L T sortase A, butelase 1 % omniligase-1 5§ D
peptiligase (WATER B ZE T b5,

Sortase A (%, 1999 FiCH Y 7 4L =T K¥D Olaf Schneewind & DWIFE 7 NV — 71T XY
Staphylococcus aureus (S. aureus) 7> HFRA I N7V 77 X LRFEEDO R 7 F ViR
TH 3 2%, Sortase A 1¥ LPXTG €5 — 7% CRIicHT 2 % v 378 (LPXTG & v %7
H) ZRREMCGEHL. 22RO lipid I ~ AT 2L CHREL Vv 7ERIF
KT 2 8E % 5, Sortase A 12 X %<7 F FEEMRISGIZT 2L 7 I MLo 2 BRED K
JG LK &5 (Figure 1-8), L 3191, sortase A DAl Cys FILDRKZKEEIC L Y
LPXTG €5 — 7 ® Thr & Gly HlO~7'F Fiia»UMr 7 o b3 EfT L, RE—FER
BEREEKT 2, Z0%, lipidll A4 Y 22770 > v ORKEEIC X Y BT > ML HELT
L. #HE X Vo878 L lipid I TH 7217 F FIEGDBER S L5, Sortase A DILE & 7x
% LPXTG 2 v 3 73, fkifEx v <7 H e ) v efbEfeEttoRkmfg »2 v s 7 8, s
7Y v RRELIKICHRED, ZNOBEE L OREICE DIk, 1HE L oA 2
0= — R OREICEE T2 BN T WS 8, L7235 T, sortase A Z2— F3 5
srtd BT RIB LTz S aureus ZZHE4RIE LPXTG & v o3 7 '8 % il IC$2R 3~ 2 BERE & 2%
W, TEE~DRRGLRET) 23 KIEICIGS 3 5,

2. Amidation

H,N 7 o H2N7
1. Acylation )
/ Protein broteil
—LPXT GGG

\LPXTGO

O H,N
H,N 7 YA/ z G
Crs Q.
Protein (‘\ HS HS
—LPX
TG Lipid I

. Protein-sortase A
C-terminal

LPXTG motif intermediate Lipid Il-anqhored
protein

S. aureus

Figure 1-8. Sortase A IC X % = 75 FIEATEAIG
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Sortase A (%L k7 LPXTG £ v X7 /E D7 F NG % il 3 2 EA 7 FEER M
AT L7720, BETEATHPHTHTORTF NG 2+ 2 EEl3ke Lon
FWFFE D LT3 2932, 2011 £, 780 U X KFED Guo b DG L — 7L, sortase

DT 7T FEETERUIG % FIH L 72 head-to-tail TUERIR = 7" F F Db F — R AR
E%ﬁ%tk”@@mﬂ&@oCX%KLD@G%?~7%ﬁL\#ONkaﬁUﬁGW
Kol % 3 2 SR E # EHABGEIC X VB L 72 Db sortase A D in vitro PR KOS {3

% C LT, 40~60%D FREOLMSECHWOER<TF FE2E 2 2 LI L7, %
72, 2018 4E. JLRAKZED Wu b DHfFE 27 v — 713 sortase A % FIFH L 7= EAH& UG LT
~7F FEALEZ S L7z (Figure 1-9b), RFE T, HKMED PEGA B % FEHH A B
CEHT 2 2 & T, BEEAGHEONBIE LREZ#2 2 &7 < sortase A DEEFRKG % ERAT
ST HREL roT, THICKY, K ORLINAEKA F — LT, OoFELHMET
H B D head-to-tail BUERIR R 7'F F %2135 Z L ITII L 7=,

% D—77 T, sortase A IC X 27 F FEALKIGICIT WL D0 D ERBFEEST 5, HF—
2, B TE 2BRIK<TF F ORI A XOHIRTH %, Sortase A IT—HfxIC, 16 FILLL D
HHy R DI TN LTI RIF 303 CERILRIG Z il 9~ 2 —77 T, 16 FRELAT D&
R BRSO Z25E6ICIREEER L D S 4 Y oI~ —{L L Btk % B icE
K35, £D7=%, cyclosporin A < pasireotide ICfUR X 1125 6~10 FRIERE O FIEE OB
AZX%GT HEIRRTF FOEGHICIIARREEFILEH C X 2w, 500, B R B
tFCcH 5, Sortase A 13 C Kifid LPXTG £F — 7 & N Kifio 4V = Gly B coBRLKIE%
fil i3 2 720, AZHMEF — 72 G IR VERR<TF FOABICIEHTE v, I 51T,
AT BB T F N ORI NICIZFEZFRE I — 7 LPXTG 23 5% fr 3 % 720 RFEEIC
DERTEBBRRTFFD7 I AN ZR—2IIERICRENTH 5, Ll 0FE I
Z T, AT BHRIGIC X W PEEIMET 3 5 s, MhE MK < 20 KM Lo R KIG
Rl 223 5 md. REEROREE L TEIT LN,

Cleavage site @
a) /A
- SOOI DO DD o Swan
Oligo Gl LPXTG motlf \
go Gly @

Head-to-tail cyclic peptides
> 16 residues
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. o
b) Cleavage site Al '
' \ A ! 7 N

. ey
v It /‘
QOO I P XD @) — i
Oligo Gly LPXTG motif PEGA resin

Head-to-tail cyclic peptides
> 16 residues

Figure 1-9. Sortase A DEHR~ 7' F F &R~ D

a) Sortase A IC X B0 TWN~27 v Z 7 244k
b) Sortase A IC X 2 [EHBE L conFHN~7 v 7 27 %24k

Butelase 1 (. 2014 FICHFEH TKYD Tam & OWIE 7 NV — 7 X Y Birhil@¥) Clitoria
ternatea >HOFRAEINTZV AT AV P TV ARTF X —ETH % 353, Butelase 1 (3] H
KBRS T F FTH B cyclotide 7 7 I Y —DEGHKICHE W THRAEAKPREIAD head-to-
tail BRALC % i3~ 2 (Figure 1-10), Butelase 1 (2 sortase A & [k, FE C K ICFAES
% 3FRHD D 7 2 HEZFRE T — 7 Asx-HV (Asx = Asn/Asp) %idaL72D b, His & Val
Mo~ 7F VGOl & ¥~ 75 Vol z o CHE - BEEGRZEK ST 2, 20
#. N KIREE O KB IC X 0 o FPRERN 2~ 27 1 7 7 X LUSET L, BRIRS 7' F
NS %, 2016 4, [AIRF9E 70— 7IC X D butelase | DRFEAl e BRREMEHT 31T D 4L, ANlEE
ROBERFEERIEDRHS 2z o 72 ¥, HE N KU 39 2 BEGERIEICE L T,
N Khfi 2 (LD 7 I 7 BEHEIL IIBUKET I 78 (VL) © Cys DAIIBEEI N DD, N
Kt 1 L DFREITH U CUIRMEREE L 247 2 v 2B 9 % Pro LAt CTHNITHIE X CBRAL
SOGZIES 2 Z L BAIRETH B, Tioy RV ANVHWET I /KT TR D-T I /R
CTNAFAEZEIPICETRE S ELTE 2720, WLVWEIR~7F FICEHWEETSH
%, X 5IT, butelase 1 X sortase A & Fb~_THY 2 T 572 iR (ke K = 1,300,000 M-
Is1) &R L. {£2*0.005 mol 5 DR E CERI AE(LIUCHEATRETDH 5,

Cleavage site @@@

i o] )
@@ e @® Butelase 1
X1 = any amino acid except P/D/E Asx = N/D
X2 = IIVILIC

Peptide

Head-to-tail cyclic peptides
> 10 residues

Figure 1-10. Butelase 1 iIC X 20 FHN~27 v Z 7 % L4t
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Z D X HIC butelase 1 (<7 F FER LAME L U CENEE Z/R3—77 T, sortase A L [f]
B, BE T2 2 _7F FHRICER O 2250, 10 RELLT O REDO Y 4 X2 H 3 25K
X7 FFORBICIFEATE 2\, £, BRT 2BR~ 7T VORI NICEERRHE T
—7D—HTH B Asn ° Asp BT ET NS R, BLKIGOBRIC His & Val DY =75
Fa=y BB IN2 72D AR ECRPHEL 25, X HIT, butelase 1 D KIGH
IT X % i x WSk o0 BFEAEE IR I S T w0 BVEREY) Clitoria ternatea 7> & O
iR ESHATH Y, BMEROERICTFRZAT 2 2 b MENHICE T 2HETDH 2,
2017 2 a v X - KT F YV ZARFED Wu b DIFES v — 755, butelase 1 D+ E v JEEHR
Td % 0aAEPb D AN IC & 2l 2 FER O BRI L 72 b DD, X OFEHRIL K
FWIL Y720 2mg AT &+ T < fBEEMED butelase 1 & FLiR L TRIFICIRET T2 D
DTH o7 %,

Butelase 1 & [FIERICEN 72 fiE %2 3 2 <7 F FE{LEEZER & L T omniligase-1 23281
5%, Omniligase-1 |%. 2017 %£iC EnzyPep.B.V #:® Nuijens © DIfFE 7 NV — 723 Bacillus
amyloliquefaciens KD X ) v 71 77 —€TH 5 subtilisin Z 2 L CHIHL L 7= /H#a 2 B3R
TH 5 4, Omniligase-1 13, D sortase A < butelase 1 & 1FHE Y| CRiHIC T AT v
WEx a7 58HIk~=7F F 2 HERHT 2 (Figure 1-11), £ 3. Omniligase-1 Dfflil Cys
FRIEDSELE C R D T R T VS A KK L. WiiEE: OCam-Leu O % £ o TRE—
MERESREZIVRT 5, 2Dk, N RKiEEOKBZKENEZ 2 2 & THTNERN R~
v 77 2 LMEHBHETT L. head-to-tail BIBLIR~= 7' F P3RS 2, ARBERRIGICEH W TH
BT 7 — 7 I B e & I ERE OCam-Leu DA TH U | sortase A ° butelase 1 D X 9
KT BER <7 F FORIINICRED T 2 7 BRI 275 X 22 w7z JUATEICER T
5. Eio, BEHRSUGIC LI LR R S HE I LT 0.0003 mmol 55 & @mWRISHEEZ R L,
M2 R D KIGW I TR ICHE T MRz H T 5,

(]
N
HO/Y N\E)kOH
Cleavage site ° Y
E OCam-Leu
(o] v H o
- O I ) o o /

o = Peptiligase

X1 = any amino acid except Pro \r

Head-to-tail cyclic peptides
> 12 residues

Figure 1-11. Omniligase-1I1C X 50 fFN~27 v 7 7 X L1t
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Z D—7J7°C, Fmoc [EHHE K CHIEICEE % L5 T % 5 sortase A % butelase 1 & (7% V|
omniligase-1 |3 FE C Kimic =T X 7 W& 2 2K T 2 720 FEEH DL EE A EMEIC 78 2 K
DIREE 75, o, LRCOBESE L AMRICERILTE 2 WEHOHRICITHIRLEH . 12 KA
UTOBRR7F FOGKICITBEAT 2 2 &3 TE o,

ok, BREMWE~=27 07 27 2 MUTEWERRESERYE « ZAERME - (7EE
RUECHEDERK_TF V252 570K AN FiEL 200, BROMBERESC
RO S, EEAKOEM X 7 Sk 4 2 llili< 2 @A HIR T L Tw 5, R,
B3N, & L CRRIRICH 41T % cyclosporin ° pasireotide ICfAFK X L5 X 5 7n, fEtE
DMK < “drug-like” 2 FiEZ R THREOR 4 X2 H T 2R~ 7F FoAKicid ERdE
FIFWEHTE RV, L7z o T, fERBEETERECHIRIA X2 HFTLRRTFF
DE A~ LB ATRE s AR DRSS E T T 5 4,
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BIUET JEY AR Y — LT F FEEEEE (NRPS)

RA»PLRAMEINZBR~TF FD% ik, VKRV — 2T F FEKEESRE (NRPS:
Non-ribosomal peptide synthetase) 1Z & W A=A X2 424, NRPS (F—f%ic, 3~15FKHH
OIS N T F VLAV EAK ZH G, ZRICX WV EAGRINZERIK<TF Mg
D-7 IR N-AFMUET I VB EDIFR Vv BT I Va4 EHT 5. £/,
Z DALFREE b EHUR S 7 F F % head-to-tail BUERIK~< 7' F | head-to-side chain ZUER K~ 7
FRESIRICDRY ., LB EYIELEZH T 5 2 AL LTETLN5,

NRPS F2RHEH kDa b B X REAHRTH Y, FHALI L iCxh LR 5 KL%
fildi 9 2 BERELE N A 4 v 2 H 9 %5, NRPS 23 2 FARR 2 REME A 4 v & LT, PCP

(Peptidyl carrier protein) N A4 ¥, A (Adenylation) N A4 v, E (Epimerization) F X A
v, C (Condensation) F XA v, B XUTE (Thioesterase) F A A v D 5O0%EIFHN5,
¥/, PCP FAA Y AFNAA Y, CFA4Y BAICKX-oTIREFAAY) 123D
WE 07T I VBRI pFOMRICBAS T2 EARBMOZ L ZEY 2 —L L),

PCP FAA Vi A FAA VO TFRICAET 25 100 R oK TN 2 v X7 HTH
D, EINZBERESKFREAEO RS L LCHREST 52, PCP F A4 Vi apo A& L TH
B L. phosphopantetheinyl transferase (PPTase) IC & U coenzyme A DK AKXV T 74 =)L
BLH3 PCP P A A VITIRFFE 7z Ser IRELICIRIS 3 2 BERREHMi 25210 2 & & T, iEMALIR
BED holo fh~ e Z#ax 2 (Figure 1-12),

NRPS@;“; @;“;
Ser ©OH Ser OH PPTase 0.

o OfF’\

+ o}

3',5-ADP ,
o 0 N iy Ho(_ Ho( "

N (o]

HSWNJW J\l/go g o g o f HN i °©
00 <:0 éo

CoenzymeA o oH HN HN

5" { !

SH SH

Figure 1-12. PPTase IC X % PCP @ holo {t.

A FAAVIECFAAL VYO THICHLET 5] 550 I DI N B HREE N X 4 v T
HY, ENT AV I Tay 2 hbREDT I BERRLIZOBL, ATP ZH W ThHALR
FOHOT Tt EIT Y, ZOT I W% holo ftE L7z PCP F A4 vicHit T 2

(Figure 1-13a,b), A F A A4 Vi3, FEL 727 I 7 WRE % B <R3 2 7-® . NRPS
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EEBICETF 27— b F—oN—L LTHREET 2, A FAA VDT I BHEREIR., 2ok
HART7 v PR T 28 10REICKXVIREINL LR LEoTEY, AV AL VD
—RECHN 2 HIE T I ) Wk AT 5 web Y —v (NRPSpredictor2) 23FHFE X 11T\ 5 44,

NH,

NH, Ry o N—"SN

N opo_ < J

R % 9 9 an Mgt HN - LoNTN
p-o-b-o-bo S\ AN J —— — 5 o

OH 0-P-0-P-0-P-0O
a) HQN)Y + 0~ 6- o o -
o PPi HO OH
amino acid ATP HO OH AMP-amino acid

holo holo holo holo

..@@... - DI )

P — o..°
o o R
- AMP :§R1 = 7 SH
H,N HoN
Ry How(
o
N

HQN)YJ SAMP HQN)ﬁ(/ AMP

Figure 1-13. A F A A v 235 2 )6

) AFAAVICXBT I /BT 7=t
b) AFAA4VICk27T I /D PCP ~Dffity

E FXA VIZPCP FAA VYO TRICHET 4] 450 FRFD O RERK & 2 BEREME ¥ 2 4 ~
ThHY, EROPCP F A4 VICHFFEIN/T I VD CaD T v’ X VL% fil# 3 % (Figure
1-14), KEAA VBEY 2 —AWNICTFET 5 2 & To-7 2/ BB RIEEY O FREITHLY A
FN57®, NRPS IC X W AAKINDE =T F FIERAY OGS IC L REDBIE S
%,

holo holo

é é

4>
-— 47
+H* - +H*
< . s
Ry R4 R4

HoN H2N HoN
L-amino acid p-amino acid

12

Figure1-14. E F A 4 Vic X 27 3 VBl = v 2 V4L

C FAAVIZPCP F A4 v O TFHRICHLIET 54 450 I O S 1L B BRREE K A A v
THY. EWETWD PCP F A4 VICHF I NAT IV BALOMEG. LT I/ B
AV ITRTF FOMEE ML, 7 F F#HEZMET 2 (Figure 1-15), C F XA VIV
FIROH _BAREEEH L, LD PCP F AL VICiHE I NAT I VB LLBXTFF
Bz d 5 M —# % NoRmlC, THD PCP F XA Vi s N7 I/ Bz ilahd
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5777 & —8% C KimfllicH 325, —fRic. N RigD FF—#IZARDOEH TN L <
BB I BIRE 2 R — 7T, C RO T 7% 72 — I3 IR E A 2 B RIRE2 T 5
CEDRHLPE RS T WS, Tz, METTELT LM ORI, RAL 13 H%R
LG bEDT I BELOMERIGE S 2 5T ¢ F AL Y ORIHMSHREE 72 o
Too TNICED, NRPS 7Vt 7 ) —F4 VOREICKZIERABXTF FLAEYDE
P& DS BUBIER S & T B 4546,

holo holo holo holo
% ) %
D e
szo Rafo
NH NH
o:&RW o:&RQ
H,N HN
Rl

Figure 1-15. C F X 4 VI X 2 8RB & R A D R G

HZ R A4 oz XY RS nBEREAERPRARIL, RIS NRPS © C R I
TE3 5 TE F A A4 vic X 0 BUSIGC MK IS A3l & 41, SAXEEY) 25 NRPS 2> 5 1)
DIENE, TE F AL VICX VRS N KIGIZT vt e 77 v b o 2 B o Kt 2>
LIk E % (Figure1-16), £ 3. TE F A A v Ofilti Ser BF D L < 13l Cys HF 234
HRAFRERD F F T R T AFEA~RIEKEST 2 2L TTE F A4 VIC_TF FE#EPEHE L,
HE -BFREAREERT 2, 2Ok, X7'F FHO N K7 3 v s NGk o kil
HORBKBEIC LY 7T o MEp T L. PN TORILRIGETT 5, ZDFE. o F
T ORIGBEEAETT L 2 WEAICIZ, TE F A4 Y OGRS v + N KD T D RZIE
I X DMK IRSOCDSHET L, BHIRR 7 F F2AEKT 5, Tofhic, TE F A 4 v Sl
RICEDY PCP N AA v b DEAMEY O il T 2856035 %5, R (Reductase) I
A A ViE, NRPS D CHRURICHFEL, MEINZEAKPEAO 2ETF /- IZ4EHETE
filiii4 %2 NADPH k7757 Fu s F—¥/L X2 2 —¥TH 3% (Figure 1-17a), ZHIC X
DI XN B EYIBRT LT FoTAa—LTh V. 0K, HDFNEBRIEZRT
BURR T F FOREAERINEHIB N OhREINT WD 4759, Cr (Condensation-like)
A A viE, NRPS @ C Ffid L < 1 CHIf PCP F A 4 v EFICHEEL, FICHFEHEDO <
TFFEAKICIEL AHNE C FAAL VEORTF VER{LEZRE TH 5 (Figure 1-17b)
Cyclosporin 78 EDKBEHR R T F F L7 b7 Y v (DKP) BWEHT /N7 F
FBCr FAAVICKBBRL R CTAEARKINDG T LTI N T3 315,
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ﬁ?ﬁ o

0 0 HN NHZ
A. Head-to-tail cyclization NH HN >L<\}
% H
OH
holo @ EX) tyrocidine
O.

NH

OH

rs ,/ @ B. Head-to-side chain cyclization /?\ H
o - . -to-si in cyclizati j(\/

N . ?”;

=}

o

(0]

o ZN

Ex) polymyxin
NH,
N \ _OH

C. Hydrolysis er \)k Jﬁf \)%H

Ex) trialaphos

Figure 1-16.
TE F A 4 Vi X 2 #RAEGBHRIAD NRPS 225 0] b i L

a)
L) L),
& W )
NH HN o NH HN o
Macrocyclization o NH HN < o N HN 4
\\ NH HNlo iNH " HNlo
)TNVS/ A N }/S/
(¢) [¢)
Hs s
Imine EX) lugdunin
holo holo

b) holo

o A
NN = Tl
7 Ho o;\"“ 7 o HNSo oy O OH
N ~ N_ A, R .
- TOW/\T I Ex) gliotoxin

EX) cyclosporin

Figure 1-17. TE F A 4 VSN OBERIC L 2T FFD~v2r v F 7 2 41k

a) R FAA Vi k3G & BRI
SFNBRCICIT XD A4 I VBB, CycREL DRIGICE Y 77 V') ¥ VERDTEK

b) Cr N A A vic X 3G A & Bk
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TE F A A4 v OEERNICE T 2 4RO X, NPRS D PCP F X £ ViCFF T AT VG
AL CHE S N2 SRR TS 223, ARG IERIEIC @I U 72 38 % H v Gl
ENTHERKT 2 LA TE %, 2000 F. »— Y= FR¥ED Walsh b DL Vv — 7%
NRPS 12 X 0 G E N2 PLEIEEERIR T 7= 7°F ¥ tyrocidine A DAEGKICEH L, £&
AR 2105 TE ¥ X A v DEERE% in vitro | THFLCHI® THH S 2212 L 72 %4, Walsh 5
FARBGEZ T L 72 TE F A4 v Ot 2 B3R TycC-TE &, FRF VT T4 =L
He A F WL L 72 N-acetylcysteamine (SNAC) % C KImlCEA L 72 F 4T X 7L FE

(SNAC HE) % HTinvitro HRIG % 1T T & T, L% —BEHEIC tyrocidine A % A HL
T35 2 LTI L7 (Figure 1-18a,b),

a) In vivo (NRPS) In vitro

%5 6 9?9

OH —\ SNAC

/ Leu Q / Leu Leu
Leu | O |
| Orn m Orn
Orn | qﬁ @ | | |
| Val Val Val
Val ; el AN ‘ P
T‘yr Tyr Tyr Tyr
* | | ‘ |
[ . GIn 00 HN NH, GIn . Gin
GIn Acylation | Deacylatlon Deacylanon | Acylation |
| Asn NH N Asn Asn
Asn | | |
! p-Phe p-Phe p-Phe
p-Phe f‘1 Pf"l |
| Phe e Ph
Phe I ! | N
! Pro Pro Pro
Pro | tyro<:|d|ne A | |
! p-Phe p-Phe p-Phe
p-Phe | |
| L NH, L NH, NH,

Figure 1-18. TycC-TE IC X 2 8K~ 7 F FD~=27 v J 7 X L1t

a) Invivo (NRPS) IC 51} 3 TycC-TE DH%HE
b) SNAC £E % H\> 7z in vitro I 5 1F 3 TycC-TE D BEREMRHT

e < 2002 4, [FIFFE 70— 713 TyeC-TE Z W 7= &g L co~ 2 m 5 7 2 2fkic
% tyrocidine i58AD 74 7 7 V) —AHEZ#RE L7 3 (Figure 1-19), RFETIEE T
BUKEOEMHARBIECH %2 PEGA BilEZ VT, S RGNV T T4 2 VEZEHRL 72 Y
VA= OERE T F FEHOMEEZIT I, RIC TFA IC X 5~ 7 F FEIBHO Bifri&E % 1T -
7eDbH ., RIGHRH IR Z BESE TycC-TE 2T 25 2 & T, TEFN AL VICX 527 F Vi
DOffE» L DYV L & ~2 v F 2 & s LBET LEIR<7F 3BT %, 15 13ATF
& B L T tyrocidine A ® N K4 1 20 p-Phe & N K4 4 2D p-Phe % % i 7 & otk ic &
Wl 72 192 MEOMRIE T4 77 ) — 2RI L. PiEEEABRZITo 7, 2hick b,
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tyrocidine A & Ht~XT e P ARIMER~ O MIEN:Z J0H L. 2> DR IC N 3 2 PriisE M % 1)
U 728818 AF10-tyrocidine A 2535 2 LICHKII L7z, AFEIZ, EAOBRR~TF
FamoE AR T 2MREZHT 27T ) v h—EOARICEERIEDR)G%Z ST
2R, ELBBIRRTF PP MS K TR CTE 2BREDOARETH L Z L HEL 2 Y|
BAR, 7477 ) -6k EORIZESFCOBEMAICRO TS

o o o Solid-phase
H eptide synthesis
pEGA I HOMO/ 1. HZN/\)LO/ NSO pep Y
resin PyBOP, HOBt PyBOP, HOBt PyBOP, HOBt
, DIPEA, DMF DIPEA, DMF DIPEA, DMF ’
2. NaOH/H,0 2. NaOH/H,0 :
NH , -
N MeOHITHF ¢ N MeOH/THF o NH
Eo ol Linker
HO HN HN
HO N

I

7 NH HN Val
NH © 0 O Screening On-resin macrolactamization T)‘/r
192 variants !
0 Q HN Gin
NH HN |
Jj % Asn
|
D-P‘he 24 p-amino acids
Phe
|
AF10terC|d|neA tyrocidine A Pro
|
MHC = 150 pM (human erythrocytes) MHC = 4 pM (human erythrocytes) p-Phe 8 D-amino acids

MIC = 37 uM (Pseudomonas aeruginosa) MIC =290 pM (Pseudomonas aeruginosa) |
NH,

Figure 1-19. TycC-TE % F\»7z tyrocidine &K 7 4 77 U —DEHK

Walsh 5 DIEEK e Db, SHICE 3 £ THA 7 TE F A 4 v ORBEMRIT 23 Th
ZNHMROMBFIHLAASLNTE /2, NRPS D TE F A 4 vid, el L7z~ 7F FE1L
I35 sortase A, butelase 1 %° omniligase-1 & 1327V, Z D% K B 5~13EREREOHREE D
BRYARXRZHT 2R~ F FOEEGRICBEES T 2720, Bifr OB RS 2 i3
LM GEEEFR 7 7 IV —ThHorLEZOLNDS, Lo L, TE F A4 VId—MRICHEE 38
EFEAHE 3729 Figure 1-19 O X 5 15 O & & @@ L 72 LU 1ot L I3 BR LIS
HEHRET 20D, AROIE & 3o Tl T I 7 B 2 H 3 2 HE I L CidER
LIEHEZRE v, 51T, TE F A4 VIiFHilENIC B W TEKRZ NRPS O—# & L THE
LCTHY, b A4 v e oMAEMERICX Y ELE-CRERES I T %, 2D
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72O TE FAA VO v — AR L CHET ZBRICIELS 74— T 4 v
FEINTEHAREZET 2 (hetEe. AR v B RERTE L LT AkDRESR
WA RS S 572 T, TD XD Hfilliie L <ot 25, TE F A4 v&4E
Rt e LCRAET 2 2 L IZREECH 2 L EZONTE R, Lizndio T, (RO TE F
AA vz D HEE MR L 2R, ThbbILAHEMO X v N7 E LTHEL, 22,
BALEEER 2 AT 5~ 7F FERIUER 2z I /AT C e B cE . 2 o4 Ffh
BRHRRWICHfffcZ s E2bN 5,
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HBAAT  Surugamide FHD £ A K

Surugamide A-E (1-5) 1% 2013 4F, BRRZZREEG oMK ed, SHEE S oWfge s v —
7T XY WFEERGERE Streptomyces sp. JAMM992 7> & Bl X 7= B0k A 7 2 X T F FTH % 8

(Figure 1-20a), In vitro 1< X 2 1EPEAERIC X V| surugamide FHIZ 23 A O RH L i Ic EHE
BEEI RS AT 7y BICH L CHFEEZ T S LA~ o T b, Ek,
2016 fFICIXFIWFSGE 7 v — 712 X O surugamide EER D G HBGEIR T 7 7 A X — D3RI & 11,
1-5 & IIHERRIL-CHHE 2 B 2 TR T 7= 7 F F surugamide F (6) 23[F 27 7 A & —
DEGKFEY) L L CHHE - fERE S 7z ¥ (Figure 1-20b), Surugamide 80 £ & GBS
T2 FAZ =% 4 DD nrps BALT (surd. surB. surC. surD) H»HREINTEHEY, i
Hica— F &7z NRPS, SurA & SurD I X W BRRA 7 X <75 F 1-5, SwrB & SurC I X
DEIRT H =TT F 6 B AEAMEINS (Figure 1-20¢) .

Surugamide 2H D E G RIC 35 1F 2 BLBRZE VLR & LT, Ak NRPS @ C KuilCHFEL . #H
KA A B AR D B SUG R MK I i R)G % il i3~ 2 TE F A4 Y3 RIBL T 5 2 L 23
FH5 (Figure 1-21), 1-5 B X 6 DEAKICE T 2 G5 PRIEO <75 FMIRKIG
IF—#%H7 NRPS & Atk Ciiisn s, Z0—7C, AT vvv 7 —74 viclt,
ORI ZMET 2 TE FAA YR Cr FAA VY R FAA VBFEEL WD, T
NE TICHEDID 7 RAOBEREIC X 0 AR D NRPS 225 D) 0 L., XU
LSRG & MR RSOC A X L 5 Z & PR I N7z,

Ry

Ry NH HN o
O+ _NH HN.__ .Rs
PG Gl 2
“USNH HN" S0
AN H LT Val LThr p-Leu L-Val D-Ala L-Val D-Ala
R 3 NH -~ 3
®/ o Ry ° NH = o o) o) )\ o - o :
2 H H H H H H :
surugamide A-E (1-5) N NN %(YL”VL”/YNQkEWN&”WOH
Rt R? R R o [¢] ““OH 0 AL 0 AL [¢]
- D-Leu (R)-AMPA
surugamide A (1) r-lle -lle Dp-allo-lle vL-lle
surugamide B (2) L-lle L-lle D-Val L-lle surugamide F (6
surugamide C (3) L-lle vr-lle p-allo-lle L-lle 9 ©
surugamide D (4) L-lle L-Val p-allo-lle L-lle
surugamide E (5) L-Val L-lle p-allo-lle L-lle
SUrA surB surC surD
0 GerDC> ) ) E——) E— <0 K0

1kb

Figure 1-20. Surugamide DL FHiE

a) Surugamide A-E (1-5) DfL*A#E&E b) Surugamide F (6) Db AfEiE
¢) Surugamide FHOEGHGEIZ T2 7 A X —
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a)

SurA SurD
Module 1 Module 2 Module 3 Module 4 Module 5 Module 6 Module 7 Module 8
L-lle p-Ala L-lle p-Val L-Lys L-lle p-Phe p-Leu

B SRS o & ws:: L
SE T e S S e

o N Pathnse
B B e
B o SO G Rf

BE

H NH HN o o
O._NH HN k No TE responsible for J_gz

l\ head-to-tail macrocyclization

ST,

surugamide B (2)

A
LA,

T
z

b)

SurB SurC
Module 1 Module 2 Module 3 Module 4 Module 5 Module 6 Module 7 Module 8 Module 9 Module 10
L-Trp p-Leu L-Val L-Thr (R)-AMPA p-Leu L-Val p-Ala L-Val p-Ala

(e SN AN EN SN AN (SN AN (SN ANeH SN ANesh EX N ANeH SN AVesh EX SN ANect SN AVesh ©)(_)

S,

HN NH HN NH HN NH HN NH
HN ) o o NH o ,< o o 0 o
o OH < “““ <
A NH, HN NH R NH HN NH HN
o o HN NH o /<
HN :gf >_2:0 O%—QOH “““ f zg
NH HN o

ol o oﬁ
—  NH, HN
HN o
—  NH,

\¢j;f /Hj\ AAN/YN\AN/YN\AN/YOH No TE responsible for hydrolysis

surugamlde F (6)

Figure 1-21. TE F X 4 ¥ 23 R4B L 7= surugamide HO AT v v 7 ) — 74 v

a) BHIRA 27 £ 7F F surugamide A-E (1-5) DEAHK
T Z Tl surugamide B (2) DAEEKEHITRL 72,
b) $IRT /7= 7 F I surugamide F (6) DA
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YR ETIIINE T, BIRA 27 2 <=7 FF 15 OEEMICER L, EGR gz
filt L 7= SNAC BH % v CIFRERI R BRAL D T REME 2 BREIE L C & 72, YW E DAL T
B BB &1 1%, surugamide B (2) DERLHTERATH 5 SNAC HE seco-surugamide B-
SNAC (7) ZHHMSEMET. el zma3Kkd 2 HEFHE L. 155 h - CER %
HPLC 1 CTHtr LELIG DT Z#GE L 72 (Figure 1-22), % O#5HE, SNAC H 7 OB
CISDHEITIREZR I N2 b DD, AL 728{bikix 2 Tld 7 <. N K 5 620 L-Lys {HI$#
THRILL7ZA VY RTF L 8 ThHolz, ZOFRIL, RIWICHALND X5 7~<T7F Ml
C Rimbkdk & N Rihkh: T D head-to-tail BRLSIG % ZE A I il 9~ 2 B3R 2% surugamide 34
DEARRICHET 2 T LB PRI N, 7o, HIRTARTF L 6 DEAKICE T
b ERRIC, AE KRR AR iSOG 1 BFERNIC ILETE 3, RAOEERIC XY il X
N3 LRI,

Rooon f T N HWH T { Basic condition
HN,, “ N, ~__N N A Sy A

NH; )
HS .~ A

seco-surugamide B-SNAC (7) H \5"0 g H%N i NH,
rvx
isopeptide (8)

mal
-R10nmdnm

\
100

..................................................................................

mAL
Sromdnm T

| H,0 + Et3N (pH 12), 2 days|

I | L\ G

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Figure 1-22. $8R4: A pk P &R 0 JERER 1Y 72 BRAL O BRGE

H,O D AD G % 2 HEEHE L 7268 % Lo 7 u~< 77 2R L, i (EsN)
EMMA 7RG % 2 HREFE L 2R 2 TR 7ua~ 77 LR LTz,
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FNET AW D HIY

REPOREEINZI YV RY — LT FFOEGRICENTIE, FFV RV —L_TFF
GHEER (NRPS) (T & o T & 7z SR A AP EIA DS, NRPS O C AR ICfF7ET % TE
FAXA XY BALSIGR K RSOC 2 T Y X5, £ D—J5 T, BB
Streptomyces sp. JAMMO992 2349 % surugamide FHDO LG HGEL T 7 7 A £ —Hicid, £H
IR BB 2 i3~ 2 TE F A 4 VIR L T/, X 60, BFRECirbh iz EGK
AR Z B L 72 SNAC FE %2 725 IC X V| surugamide FHD BRI )G 13 B FERVIC ST
LW eBHLPE o7z, TDZ LD 5, surugamide FHOAESKICIT Z L E TlCRE
Pl RAD =7 F FEALEESR LUK REER PAET 5 S EPRBE Nz, £ T TR
RO TR, BRIRA 7 X7 F I surugamide A-E & $HIKT 7= 7 F } surugamide F ©
AR EGHBREICER L, in vivo B3 X W in vitro I X 25EMll 7 f@fT 2@ ¢, 2 oS
SRR D BRAU BRI & MK SR O A2 HIE L 72, T @3 %5 2 & T, NRPS 4
ARICE T 2HHERORR, XU NRPS DEA BB ICRET 2 #1775 Hl R O S A 1A
GERUR

HEOMIEIC X V. NRPS EGKIC BT 28~ 75 FER(LEESE SwE AFEE S iz,
SurE (IRERREL PR R 2 2 HEHOBTRIR< 7 F FOAEGHICBEEG T 5720, WAL
HBEREZHET 27T FPRILERECTH 2 LBl I Nz, ABRARNFERICLEXT
F FOBRLRICIE, BREAEKAFKE L ZHRICBWTH REZHIHOH L WKIETH 5720,
SwrE D X ) EARGIEEERMEAE T 27 F FERICBER 2 AR e L EHT 22 &
T, RN CEREGHFIEO S WERIR < 7' F FEBGEOM AT X 5, 2 2 CHE =%
FEDWIFECTIE, SwE DAMME L LT oI 2 sz, HEOEHE % v T SwE OHREMR
Mr2 ATV, ARESR O BB P AL E R I B s R 255 2 L HWE L 7,
¥ 7oL BESRROCIC IV 2 BRI D8R AGEDFAFE. B X U SwE DR £ w VRO
ROLE BN 2R L -2 RBBR 2RI T 2 2 & T BIRS 75 FORERMN oL —F
FAATY Y FEBEOH L ZHIGL 72,
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FLHET AFSCDORAL

R TIE, VBRI Streptomyces sp. JAMMO992 7> & Hifif X =Bk A 7 2 X7 F F
surugamide A-E & $H4K 7 /7= 7' F F surugamide F D Hi& e LA HICEH L. AP REED
BRAUBERS & Ik R DRI, 35 XK OTBIOE Y A Y — L~ 7 F FER{LEESR SwrE DFERIC
DWTHh~3, FEETIE, EAKPRHEEZEMML 72 SNAC HEZH VT oh L L
SwE ORELEIRME, 5 X ORERMEBcovw T2, FEuETR, FEVRY —LxT
F FEBRACEZ ORI HZ HIE 3 L TR A2 v 7 THh o HHREE O SHIEZHE L.
EINER D Ol R ORI BV 2 e T & 2 i G EREABGEORFEIC oW TR 5, &
Too RFIEIC L 2 SwE OEELERE DM AT & ZHEAIC X 5 SwE OFEHERED
WEICDOWTHRR B, FAFE T, AIENICCTHEYL L 2B G805 Z M L 72 head-to-side
chain BUBHR~ 7' F F ORI ALY - R OGREOHFE, BL T2 ) v/ Avt=v 74
T—vavOFic X 28R~ 7 F FORGERICOWT~ 5, HARFETIE, KWFED
L SHOBEICOWTHRR S,
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B BRIV R Y — LT F FEMUESE SwE D F K

B AEOHW

RAPOHMINZIEV R Y — LT FFOEARICE T, VRV —L_TFFE
JKEESR (NRPS) 12 X o TR 2 SR AL, NRPS @ C RImicfFE$ % TE
FAXA XY BACSOGR MK RSO T n) v HiE s, Lo Lad o,
Mﬁﬁ&mmmwmpMMM%2ﬁ$@?5mmgM@ﬁ@iﬁﬁEﬁ%7?X¢ﬂ¢K

 EAERBERS S 2 TE N X4 vBRBL W, S5, YfEECTitbi
G RCPREIAR 2 B L 72 SNAC FE %2 W 7252501 X Y | surugamide ZHOBRIL KIS 13 H ¥
I IZEITT L R WS XL o7z, L7228> T, surugamide FAD LA ICIZ I
TICHEGI DI W HT L & A T D=7 F FEAUHERE-CHUKR D R 2P S 5 2 & 2RI
I N7z,

Z T CARETIE, BIRA 27 227 F V¥ surugamide A-E & ${RT /7= 7 F I} surugamide F
DEGHBEREICEHR L. in vivo B X Win vitro I X 25l T 28 U <, 2o EEGKF
R DBUBERE & MUK AR O fFIH % H 15 L 72 (Figure2-1), Z#IC X Y. NRPSAEAK
LB B HRIEER DI, XU NRPS OEAHEHICE T 2= 2AArRoNnE 2 &
BHIfF I NG,

SurA/SurD SurB/SurC
P )
MOTEC ~0098
Oy S Oy S
Y 0 g Y ﬁ/
DLISU \/g\eLN{I_ﬁN DAIIa
~ 0
DPIhE e o N o k VIaI e a
lle )\ \]\: k DAla
L)I/s o H H N VIaI o j;( /\)L N\)L N\)L OH
\} | =it Oa\f’N N DLleu oAl ¢ /Hk N/\Ir N/\Ir N/\n/
pVal H o
Il:e ®/ O)/—.g_\ NH, (R)-A:MPA
oAla surugamide B (SB) hr surugamide F
lle (8 amino acids) val (10 amino acids)
,I‘Hz DLIeu
Trp

NH,

Figure 2-1. Surugamide ¥4 & FKIC 3517 2 A£G AR AR D BRAUEERE & oK g bt o fid B
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B RAER T DRER LB S ISR

Surugamide #ADEERIC BT 2 EE P REIAOBUENE. 35 X UK figHRE O ] %
HiE L. 8L 2 RE L 7z, BEYME ) 13 = RACHEY) 38 D 4 A R 1T X
DERINDE, —RICZNS DEFRE 2 — F T 28EFI37 /) 2 OFREDREBICERL .,
EEELT 7 7AX—%BKT % O, ZD7z®, surugamide FHD LA W THEARK
R D BRAL KOG 2 MoK 53 it SOG % fist i3 2 IS8R 1 & [FARIC. NRPS & GE G T
surd, surB, surC, surD DFICFET B BREZ LTz, £ T T, surugamide ZEFER TH
2 BPERRIE Streptomyces sp. JAMMO992 O 77 7 LAGHR % FHEEGEANC AT L 724558, AEG K
BIZTF 27 7AX—DERICa—FEN5 Orf & LT swE %M L7, BLAST M5k ¢ D
B, SwE X, *=> Y viEH & o874 (PBP: Penicillin-binding protein) & 40%FH{#& D tH
FEZRTEBHLD L %57 (Figure 2-2), PBP D7 7 X ) =X Vv XIETH D
Pyrococcus abyssi ik Pab87 (PDB ID: 2QMI) 35 X UF Bacillus cereus 2k D ADP (Alkaline
D-Peptidase, PDBID: 4Y7P) &, SwE 2 #3567 I/ EREOT 74 XA v b Xz nz it
BL 724559, SwrE @7 I BRECHIE PBP D2 L HUL TH h . PBP DI RICICEHE 75
fib it 4 BHE (Ser, Lys. Asn. His) 75 SwE ICBWCHREFEINTE I L BHL 2 E ko7
62 (Figure 2-3),

PBP

\
@Q@$$©&“&@@@@@@@@

1kb

Figure 2-2. Surugamide $/E S HGEIZ T2 7 A X — DiifFic 2 — F X /- PBP

PBP (I~_7F F 7V A VAESKORKEMICES T 5 77 X LRERED 2 v o8]
TH5, PBP (3Z DAALHIEREDL DL P T v A7V av X=X+ F TVRARTF R —% -
D-7 7=V ANKF ORI FX—¥D 3 HHEICKHI SN, FTH, RTFFITIVAVES
ICBWTIEL RO ONS b 7V ARTF X =Rz, 73 7 BEO<7F FEATEK
RS 2 < L crRE A MAEEE O EICEDb 2 20, MIEHOETSCHRBICMHAL TN 9,
PBP iC X5 _T7F P U Ay DEAEBEMKIZ. 7ot T I FMlo 2 B0 IGIC &b
X% (Figure 2-4), ¥ 3. GIcNAc I#E & L 72 pentapeptide [L-Ala-y-pD-Glu-Aspm (or L-
Lys)-D-Ala-D-Ala] # 38 & L C, PBP L DT I AT Y AEAEKEZFKL L., PBP Ofiltl Ser
FRILIC X 2 <7 F F C KU p-Ala-D-Ala M D 1 v K = VIRFBF T E~DRKBIKBICX Y, 7
SMMEBHEITT B, Ric, *TF YA VICIFEET S Lys D L < 1F Gly I X 35k
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TNBRICE D, T e 7 I MMEAETT L. BEEESHEEI NS, C0XH %k
PBP D7 I FHEATEABEME X, A=A IR O BV G 2 MK o3 fif SOG % fil i3~ % TE B £
AvorhtBllT 5, L7s-> T, PBP & H[FEE% R 3 SurE 23 surugamide D £ A IC
BT 2 BACSS R MK 3 g SOG % 5= 2 nIREME DS 2 & L7z,

SurkE
20MI
4Y7P
consensus>50 Pv..

<0 . =

...vTvréLLsHtsGipé

SurE

20MI
4Y7P
consensus>50

consensus>50 ..c.

SurE
2QMI
4Y7P .
consensus>50

Figure 2-3. SwE & PBP QQMI, 4Y7P) O7 I JEET 4 X v b DLLHR
BRSO ICBD 2 L HEHI & 2 il 4 BB A WCIR L 72,

L-Ala L-Ala L-Ala
| | |
D-GIn D-GIn D-GIn
| | |
- N L-lys . L-Lys
rhys Tt P 7R i
c— 3,1 e - B — -
RV YUEERYNIE |‘>-Ala PBP. r‘JAIa I‘)Ala o.Ala
c=0 0-C=0 D-Ala c=0 !
PBP ///' NH p-Ala | ‘ o-Ala
HN |
oH b.Ala HoN r‘:»Ala ST Lys
L ;
-Lys D-Gln
(or Gly) |

|
?’GI” L-Ala

@ N-7EF LI LAY > (GleNAC) [ Qmﬂmam
(G XMXGXMXGCXM)

@ N-7EFIL L5 2B (MurNAC)

Figure 2-4. PBP IC X 2 X 7'F F 7' U 7 v DEL B
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% T, surugamide ZEAKICH T 5 SurE DB G- ZIRAET 2 X[ swrE DR BI#EFEER
kAT, TN, EIWIDIC surugamide FHD A & O RiEL % H IS HEGRE O 5%
BERMF OB 21T o 72, STEEORM (Ciadd B5Hh, TSBHFHL, PC1¥GHL, ISP2H5HEL, A1K:
Hi, Q Kith, avenolide A= FEHGHE 4, K K5Hb) % F\» T surugamide ‘EFEE Streptomyces
albidoflavus (S. albidoflavus) NBRC12854 % 30 °CT 5 HRI¥N#&E L. &£Hilic ks J 3
surugamide FHDAEFERZ LI L 72, ZNZ NP % LC-MS I Tobr L., BRikA 7 &2~
7"F F surugamide A ¢ surugamide B-E DL &Y v — 27 ifE (=4pER) % L 72 (Figure
2-5), % DFER, Ciadd K5, TSBHfH, PClEFHL, ISP235HE, ALEHIZ V723564 €I,
HiVY o LR IIME TH o 72— T, Q i, avenolide AFER M %2 F 7= 54 I EHIY
VIOEERPEML ., K HMEZR WS EICRROEEREZ G2 5 LBHALr LR o7,
DL b ORREERE R & . LARE D F2Ef <1 K 553 % W T surugamide JHAEER ., 3 X O swE &
LR E BT L L L,

(x10°%
25
I : surugamide A
0 : surugamide B-E

20
N
;]
T
H
I
N—
1
$
ne 10
™
L
AJ

| ‘
0 _ I_ m_ m_ - -
Ciad4 TSB PC1l ISP2 Al Q aveno K

D ER

Figure 2-5. #5511 3515 % surugamide 1 D £ E & O HUEK

REEH ICASEERCH W - b o FESE, #EfHIC surugamide A (%) & surugamide B-E (AL v¥)
DY —IEEEER LT,
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BEF 2 mE L 7205, swE OB HI#EFER %2 F L 72, Surugamide £PER TH
% 8. albidoflavus NBRC12854 @ DNA % ##1 & L T PCR %17\, EENEL T TH % surE D
F 1.5 kb B3 X VTR 1.5 kb OFHIK & BEIE L 72, BB A & neomycin MBS T aphll %
gibson assembly 7% 1T X W #AE L, B o 2B WA %2 pGM160 ~iF A L8 FiEH
77 A I F pGMI160- AsurE ZREEE L 7z, KIGH (E. coli GM2929 hsdS::Tnl0/pUB307::Tn7 )
ENLIEADECK VAT T A F% S albidoflavus NBRC12854 ~ &8 A L. H[EIHHGE
Z R L7 YEIC XD surE OB IR 2 L 72,

B4R (wide type) @ S. albidoflavus NBRC12854 & surE Bin 7WEMR S, albidoflavus
NBRC12854 AsurE % K B5Hi1ic € 30 °CT 5 HEEE L. W& oG % HPLC & X U LC-
MS i Tt L7 (Figure 2-6), % Df§H, wild type IC 3515 % surugamide A (m/z 912.7) &
surugamide B-E (m/z 898.7) WY T 29014 A v ¥ — 27 25, surE BEERRIC B\ CTHELITH
KT BZEPHHALZ, ZORED L, SwE 3EKA 7 2 <7 F F surugamide A-E D45
RICBIG 35 2 EBHL LI odz, F7z, BIKT 747 F F surugamide F (m/z1056.7) IC
HET 20 FA Ay =23 swE WEKRTIHEEL TV, 20225, SuE (X
surugamide A-E O & 72 53", surugamide F DAEAIC D BG 3 2 etk oRchb b L
D308 R X LTz,

(o] % (o] (o]
o x_yg oy e /AR N /AR
a) \/\e&\NH HN fo) \/E\e&\NH HN fo) \/;eLNH HN o
T HN/g( OTNH HN OTNH HN/g(
/k NH HN [¢] /k NH HN:\LO /k NH HN [¢]
AN X AN X AN K
o IR o IR Cr
o o \ o
NH, s NH, NH,
surugamide A surugamide B surugamide C
m/z: 912.7 m/z: 898.7 m/z: 898.7

3~ 3

o] NH HN.,,, (o] NH HN,,

)\“‘TNH HN" S0 /k‘:]\:NH HN" o
AN AN R
Satas o IR
o A o 3
S NH, B NH,

surugamide D surugamide E
m/z: 898.7 m/z: 898.7

NH
\H o o © Q )\H e w9 =
N A N;HLN/\E)LN/YNEQLN/YN\E)LN/WOH
3 Ho§ //IOHH:HO/\H L

surugamide F
m/z: 1056.7
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surugamide B-E

b) surugamide F\ / /surugamideA

wild type
AsurE

°) N
/\f\j\ m/'z 912.7
m/z 898.7
"/\ m/z 1056.7

m/z 912.7
m/z 898.7 AsurE
m/z 1056.7

UV absorption at 215 nm

wild type

4 5 6 7 8 9 10 11 12
Retention time (min)

Figure 2-6. surE 1815 HIEVE O E T

a) Surugamide A-E ¥ X Uf surugamide F Db i&
T e b VYAIED mz R L Tz,

b) wild type 35 X U° surE AR T HIERORE#Y Z HPLC I Tt L7227 u~ F 7 7 4
215 nm IC BT 2 PRIEEZ R L 72,

¢) wild type I & O surE SBAR T HIER ORI % LC-MS ICTHfi L u~ 7 F 4
ka7 e b AHIEIcE T Mt A A v o~ 7T 4 (BIC) &R L7
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= Surugamide A-E =& KIC I T B < 7 F FERALEERE D fiRHf]

HIET O FZERFE R 2> © . SwE ERA 27 2 = 7' F ¥ surugamide A-E D EGHICEES 35 C
EBPL T 07z, L LA D, SuE AAEAKICE T EDERICBG L, Yo X
2 7 RIC % I L T 2 2 DFEIC D W TIE—YIARBHTH 5, % Z T, surugamide A-E &
AIICH T 5 SurE OHREE X O ICFEHNIC IR~ <. BRALATEN(R %2 B L 72 SNAC B &
#Hia Z & v % 78 SwiE & V72 in vitro BEFR UG 2B 7o AT TIE. surugamide A-E @
Sb, WREliZRerT 4 v 77 ay 72 CTh b plle ZHEEHICE E 72\ surugamide B (2)
T MMELEY L LCERE L. % OBRALATEKATH 5 SNAC HE % LA L 72 (Figure
2-7). ¥ 3. DIPEA % i\>»C CAJi#EE p-Leu % 2-chlorotrityl Biffi (2-CTHE) ICHFFL .
EAHER T 2 VB8 9 21572, Z D&, Fmoc EMHEHIEIC X WA 7 I/ Bzdfia L. [EH
HEF~7F F10 & L7z, 30%1,1,1,3,3,3-hexafluoropropan-2-ol (HFP)/DCM {AHRIC X % = 7' F
FEHOBE b DUV L 24T o 72D b, SNAC I X HEGH /M3 % 2 & T C Kbk
BEDOFAZ AT MMEEITo 72, mBIC, KRIGICE VAT C KinhkEo = €K, epi-
seco-surugamide B-SNAC (11) Z HPLC i Torfiff - BrE$ 2 2 & T, HIVEHE seco-surugamide
B-SNAC (7) % #U{F# 30.0% T/,

Solid-phase

Loading rate:
9 peptide synthesis

1.0 mmol/g

Fmoc-D-Leu-OH
o EADM . HNW' G BocHN,, /Y rﬁk /WN% /YO'
2-CT resin NHBoc

1. piperidine, DMF
2. N-Fmoc (or Boc) amino acid
DIC, Oxyma, DMF

Resin-bound peptide (10)

HFP
DCM
o o Y~ o N 0 )\ o )\
H H z H H H
HoN,, AN, AN N ‘S SNAC B N o P
YT LYY e T NY e EDc oM o, f 2 K, 1 \AS\( Lo
N L e e Y
NH; TFA, H,0O, TIS
Peptide precipitation NHBoc
seco-surugamide B-SNAC (7)
Isolated yield 30.0% (17 steps from 9)
(T T T
| N |
~7 o o : }NZC:N{ N=C=N !
HoN N/W /WHQkN H N S\/\Nk ! o DIC EDCI :
H |
i H H 5 H 5 : HS\/\NK OH :
\ / |
L B s "
° |
|
epi-seco-surugamide B-SNAC (11) I Oxyma DMAP )

— o ——————

Figure 2-7. Seco-surugamide B-SNAC D5 KA ¥ — 4
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2 d SNAC HE #157- Db, iz & v %278 SwE # KIGEZ WL 72, NK
I 2 v RO -0 D e RF YV XY His6 G S 7-/az 2 o827'E SuwE

(His6-SwE) % i%at L7z, #fix 2 v o8 7 EHBH 7 2 A I F pET28a ® T7 7' HE— X —
TURIC, PCRIC X W IR L 72 swrE B TWi R 2 A L. 18 RBIR E. coliBL21 (DE3) I
772 FEEALR, KGR EZEEZ, IPTG OFINIC X Y BN X v o8 7 B R RIS 2
=0b, MR X 0RO MERAERE NI T 7 4 =7 4 —#iig» 7 2cfik L. B
S L 7elffa 2 2 v o8 78 His6-SwrE Z 3 L 7z, RELL 72[#> % 10% SDS-PAGE 1T
SN L7 8 A, IHEIZIC His6-SurE ICHMS 355 F (49.6 kDa) A8IEE S, ERIC
Hfaz % v o8 7 His6-SwE 235 572 2 & %R L 7= (Figure 2-8a),

FEE G L 72 SNAC FE seco-surugamide B-SNAC (7) & s 2 SurE % F\> T in vitro
BER G % 1T\, SurE OBEMUIEM: % 3 L 72, Figure 2-8b (/R 3-HLAIC CRER ROGHK % 5
BL0b, BREMT. KPT 24 vF 2=+ L, B{LRKIED#ETE HPLC 12T
587 L7z (Figure 2-8¢). % O#EHE, SwE %A 72 KIG% Tld SNAC HE 7 2B7ERICHEK

EBMNCERLAR surugamide B (2) ~EaI N2 Z e BHL 0L o7z, F72 2 DFE,
MR TTEL TR ) v VHIBECTERL L 724 V=T F 1 8 DAERIIEC BRI N
Moz, TOREDS, SwE X, BIRA 7 £ <=7 F F surugamide A-E DEAKICEH T,
G EEOEAGHEER L DY) Y L, 3 XU head-to-tail TODALEFEIRIY 2 BRALKIG
T 2~ 7T VERILEER CH 2 T AL IR o T,
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a) b)

kDa) M 1 ) .
(kDa) Reaction conditions
200 20 mM Tris-HCl pH 8.0
200 uM SNAC-substrate (7)
1165 10 uM SurE
H,O up to 100 pL
86— r, 2 h
-~
451 (49.6) HPLC analysis
3+

¢

HN (¢]

04\,“ N

I/ o o
NH, SurE ®/: OH_S
s NH,

seco-surugamide B-SNAC (7)

surugamide B (2)

(o}

o) H

N
N ojv\Ni\
HNT Y

A\
A\N

isopeptide (8)

£ J

st——J

S 7+ SurE
B

c

3= \

= 2 (std.)
o

(2]

Qo

[

>

o

,/\ 8 (std.)

5 ' 1;) ' ' ' ' 1:‘3 ' ' ' ' 2;)
Retention time [min]

7 only

Figure 2-8. Seco-surugamide B-SNAC & SurE % F\> 7z in vitro B3R SUG

a) fH# 2 SuE % & L iF HiE 7 D SDS-PAGE IC X % 7317

M. 2V X0~ —Hh—; 1.NiT7 7 4 =7 4 — {55 L 72 SurE (49.6 kDa)
b) In vitro B3R FUG D JRGSF
¢) SNAC HE & SurE % V> 7= in vitro I35 X6 D HPLC 2347

UV200 nm IZ B 1F 2RI EZ R L 72,
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VUET  Surugamide F 2B G EKIC 3513 2 H7K 53 g bAE o figiH

HIEiOFEERIC X D, BRA 7 X7 F F surugamide A-E DEGKICE T 5 X7 F FERIL
BRSO 2107 072, ZD—J7 T, AAKEEE SuB/SurC IC X Y G LA ESRT A
~7'F } surugamide F (6) DEGBICE T 5T F FIUKS R IZAHTH 5, 6 DA
B EABERS % 45 5 AE A EESR SurC © C RUiE Y 2 —b b | surugamide A-E DES L L [F]
BRICEM DK DMERIES TE FA A4 VEZROTWB Z b, HEED TE F A A VIiCiHK
FLAROERMOBEREIC X Y, NRPS EVONIKMEPETT 22 enEZOLNE, —J7T,
BN CTHEML 72 swE DBIETHBIEFEIROHER (Figure 2-6) T, swE KIBRICH W
T 6 DAEERTERICHEELL Tz, 2D Eh b, SuE MESKFEED NRPS 25 DY)
DL, B XONKSERICZ ML . EHEIR<7FF 6 Z4EAKT 2 AlREELSE 2 b1
720

Z 2T, AKIRERZBEES 2 72912 6 DHIKEHIEFATH 5 SNAC HH seco-surugamide
F-SNAC (12) %At g L. Mz SwE % FH\ 72 in vitro MERIG %R To 72, Tadb. A%
BRICH 72 SNACBVH 12 & aflffe z IR oL IE, Al & [ARO AR A ¥ — 4 - FiETIT-
720 LA L 72 SNAC FEE 12 L it 2 SwE % Figure 2-9 ISR AR IC TRA L. Eil
ST KT 2 KR ROG X &, MK RSOGO HEFT % LC-MS %\ TH#T L 72 (Figure
2-10), Z DfEHR, BERIKFRI7 SNAC HH 12 DB IR I N db oD, P THEL T
WK AT H B 6 DARIT L R X L7 - 7= (Figure2-10ab), = D—J5 T, B
FRICIRZ ST L2 & A, FE O SNAC E2BEEL. X o FNTERIEL 21t
BV RI%ED mizfE (m/z 1038.5) ZmRd A4 A v e — 2 BEERKFRICERT 2 2 & 2B
L7z (Figure 2-10c), AR ClxRILEY % “/LEY X7 LT 5,

BERIKAARICAE R L 7L AW X (m/21038.5) 12, 6 (m/z21056.7) X0 % 18Da/hE v m/z
ARSI b, 6 B THTERILLZLAEY TS EEZ oS, LELEDEDL, 6D
Fegl i i3 N K 1 foKiE7 2 v, BXONKEG 470 LThr fllfie Frfo e 20
DREGEPTFEET 2720, BRKIGICX D ERL 2BRUAOEEZ BNy 2 2 L ik
TE7V, 51T, NMR T X 2 f#EERE % HIVIC, HPLC Z A 72{LEY) X © Hi 2 524
23, VTR B OMEETO AMEAYIE 7 e — FIRICAER L, BERIT -0 7r i 2 R
TEZLERETH o7z, 2D, RITRTTEIC L VLAY X DILEEEZRES 5
Tl 97%%bb, 12D N K 4 fLICFFES 5 L-Thr Ol e Fef o iRy
HECLREE L 72 IR FEE O-benzyl seco-surugamide F-SNAC (13) % Bi&FHEL L, SwrE DEEHE
Sogictit3 2 2 b o, BibiioEx A7z (Figure 2-11), K, AEEICHWTHERL
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Reaction conditions

20 mM Tris-HCI pH 8.0

200 pM SNAC-substrate (12)
10 uM SurE

H,O up to 100 pL

rn,2h

!

LC-MS analysis

Figure 2-9. Seco-surugamide F-SNAC & SurE O in vitro I35 G D SOGSF

NH
\H Q HoQ Q )\H Q@ w9
L N%NWN%NWN%NWOH
0 oo gt = Mo AL o AT 0

surugamide F (6)
m/z 1056.7

_NH )\
o Q v 9 O Sy Q@ o ow @ Q
o N A A N%NWN%NWN%N/YS\/\NK
o) H o ,,,OHHEHO/:\HO/:\HO A

seco-surugamide F-SNAC (12)
m/z 1157.7

EIC: m/z 1038.5 (=LA X)

& X
EIC: m/z 1157.7 (=12) 5
EIC: m/z 1056.7 (= 6) TJMM
6 8 10 12 14 16 18 [min]
X 10
12 only n 12 only L 12 only
m 12 + Sure N 12 + SurkE " - 12 + Sure
6 8 10 12 14 16 B in] 6 8 10 12 14 16 18 [min] 6 8 10 12 1 16 18 min]
a) b) 9)

Figure 2-10. Seco-surugamide F-SNAC & SurE % F\> 7z in vitro BEZR )G

a) EIC: m/z 1157.7 (= seco-surugamide F-SNAC 12)
b) EIC: m/z 1056.7 (= surugamide F 6)
¢) EIC:m/z1038.5 (={t&X)
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FIGHABHl S hiE, N K 1 fLoKE7 2 v eBRILLTwa e PRT 28T, %
7o BACRISA B & 7x FAUE N KSR 4070 LThe il e Fu o HTB{LL w3 e F
B2 LB TE DS, LFEML 72 SNACEH 13 L Ml 2 SurE % FH v T in vitro BER UG
AT o 7oA, BERIRTFN 72 SNAC F2E 13 D dc b . SNAC F3 i L o v N cBR{L L 7=
TEEEBEWRTZHTED 119 Da kA LAY Y (niz 11285) DEMBHER I W

(Figure 2-11), AEEE BRI N RS I fLOKEGT I v ORICIRON S 720, KEEK
JGIC X W AT LAY Y 12, HE CREGD p-Ala & N KD L-Trp M TERAL L 72 head-to-tail
BLKATH 2 LITEL 72,

NH
\H Q HoQ Q )\H Qw9 = Q
. N/\:)LN/WNJNWN\Z)LNWS\/\NK
) Hoo "’oH P o A M o A M o H

K@ 0-benzyl seco-surugamide F-SNAC (13)
m/z 1247.5

HN \\ (¢]
(——— -119Da OZ‘\TH\ 2 %;L <
HN N
N N o
‘ SOOR

EIC: m/z 1247.5 (13) EIC: m/z 11285 (=1t&¥Y)
ttemy
m/z 1128.5
ey
13 only L 3o
) 13 + Sure L P 13+ suE

5 10 15 20 Time [min] 5 10 15 20 Time [min]

Figure 2-11. O-benzyl seco-surugamide F-SNAC & SurE % F\> 7z in vitro I8 UG

T oic, LAY Y 1ot L TEMAGRLETT 21T ) 2 & TRV VAL EZREL LG Z
& . seco-surugamide F-SNAC (12) ZEERKICICHWZBRICE L LEY X O 717 404K
R & L L 72 & 2 A2 b 3 —E L 7= (Figure 2-12), 2D &5, seco-surugamide F-
SNAC % BEHEGICH W72 BRI A U7 LA X 1k, C K p-Ala & N K4 L-Trp [ C head-
to-tail DFRK CTERIL L 2BR{LIACTH 2 Z L RO IR o7, UK., LAY X %
“cyclosurugamide F” & FEFF 3~ 2, LRCOFER % B £ 2 surugamide ZEPER C & 2 B S.
albidoflavus NBRC12854 D XY % LC-MS I X W HEFEMIC O LAz e 2 5.
cyclosurugamide F IZAEEFH ORBYHIC DI 240 R E 7 (Figure 2-13), X - T,
REEDIRAITH 5 Z L BB D& 72> 72, Surugamide AR OHPIIL Z 1 T
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TN T T E 728 389, AMEEYOME X I Tt AMLAEPIE DMSO LSk

DH BB~ DIBIREIEDE L <R ) 2 e, —RREHEAD 7 LicksWCIFIic 7o — F

TR EE A RT, 2070, EEOHEEH TR CI., zolBIZRE#TH 3 72 z

N COEYREMECTCHBI INTE AR EZE 2 b b, AifFeCld. EHKE

R OBEAEMNT 28 U T B BB 508 I3 22 R %2 9130 T & 2

T BT ENTE
77

HN/

HN% ?Lf HN% ?Lf

L&wy

— seco-surugamide F-SNAC

L&z (— L&E9X0

L&z = LaX

&M X - ;

10 12 1 16
Retention time [min]

18 20

Figure 2-12. (L&MW Z 5 X X D H 7 LARFFREE D Hg
EIC: m/z1038.5 (={tEMZ B X MLEMX) Dr7u~ 7 J L%Rx LT,

cyclosurugamide F

b)

[min]
Figure 2-13. URFEEI D LC-MS gt

Q) MUHRERSER OO R EIC:miz 10385 1Ck 3570~ 277 L %N LT,
b) BEERIGIC X Y AR L 72 cyclosurugamide F O3 AT 2R
EIC: m/z 1038.5 Z 7~ L 7=,
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FOET MEEER

1. B BOFLd

ARBETIE, BIRA 27 27 F V¥ surugamide A-E &R T 5 <7 F F surugamide F D &7
AEABEREICEHR L, in vivo 3 X O in vitro 1T X 2 7l @t 28 L <, 2o AT
MR D BRAUHEHE & K RGO Rl 2 HIR L 72, AE TR O NZWIFERERIC X o T,
surugamide FHAEAHGER T2 7 A X — D EICHNZIC 2 — F X 17 SurE 23, surugamide A-
E Q&AM T <, surugamide F DEABIC O BIG 32 “HRRERIBER L L CHEREL . W
BIRECHEES R R 2 2 DOEEHHEAD head-to-tail BRALSIG % ZEH I il 5 2
T L AL 7 o 7z (Figure 2-14), SwrE (X, #E2KD NRPS O~ 7' F FER{LEHEHR TH %
TE FAA % Cry RFAA v ERMFAMNEZRE RN—07C, 77 ) 7 OfildEELE GRS
FOTHELEH ZH S PBP L HFEMZRIHL VW2 A TORTTF FRILERTH 5,
D7z, SwE BLUIZDOFER FERP LR LFHIE) KV — 27 F FERILESRE 7 7 2
V=%, DTk [R=v ) v v 2B F A2 X7 7 —+ (PBP-type TE) | &I
g 2%, SurE IIMERIRECHED R 7 5 surugamide B ° suruamide F D HIERAICHIZ . Thr
g3~ v L& ufz SNAC HEICH L CH BRI 22 LK L7z e
BREEEREZET 2 2 Lol I, <75 PR L CoRMMBHfFI NS,

<:]<J<J[>|;'> SUurA surB surC surD <:]<J<J<:]<:]<]<J<J[>
.PB 2 surugamide¥ 8 SRBEGFITAT - e

SurA/SurD SurB/SurC

-+ (X A)ech(E) . SurE
Surg | SurE |
08 0y O o8 0y 0
T Y by
OH OH
DLeuw pLeu o % 2 New pAla ¥—" DAIa
| | H / I
pPhe pPhe : NH HN o val Val HN~Z
| | [}

lle lle Ox-NH HN o pAla DAIa O NHHN OH
A SN S S -
L)I'S L)I’S )\ NH HN X0 VIaI VIaI
H H
pVal pVal OA\,N N DLIeu DLIeu ﬁ
[ |
lle lle @/ J/“S_g (RI-AMPA (RI-AMPA

NH,

| I ;
pAla DpAla Tt" Tt"
Ik A surugamide B (SB) val val cyclosurugamide F
'Im2 J‘Hz (8 amino acids) bLeu oLeu (10 amino acids)
I I
Trp Trp
b, s

Figure 2-14. SurE IC X 2 £ G HEIAD head-to-tail BRI G
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2. PERBD TE F A A4 v LB L 7= SurE O FFEICBI 3 2 &%

SurE [357F8#) 50 kDa DEEETH V. R D TE F A4 v O 21500 FRBEZHT 2

(Figure 2-15a), SwrE 1Z 2 2D F X A v A HRERL S 41, N RN X PBP & AHFIM: %R 3
FAA4 v (PBP F A4 V), CHIHMHNCIE lipocalin & AHFEIPEART F A 4 v~ (lipocalin F A
4v) %9 % (Figure 2-15b), PBP F X 4 v 3] 37kDaD K& X% H L., % DOfcH|Fic
PBP Dfiliflit 4 B EL (S63. K66, N156. H305) 23 EEICfRFI N T 2%, PBP LRIERIC
BT SurE OfEEE O RIICHETH 5 2 L AEZ LN S, SwE O C Kinflic 77
9% lipocalin N A 4 v OFFEMABEREIZBH S 2> Ty, BUKER T v b OB R E —E
FEAERICH I IEEDa Yy 7+ A =2 a Vilil, NRPS & OMHAEMZ: EICBEEG L Tw
LZlnEZLND,

SwE 1 2N FE TICHEE XN TE 7 NRPS D7 F FEILBERICIA O R WEEEZ 2 ©
H3 %, 1 DHOKHUZ, PBP &7 I/ MEHIMHRIMEZRT 2L TH D,  OREENRHA
I X Y. SurE OIEFRHEMIZ PBP o2zt BB H 5 C L 3 HEHI B, EEE,
surugamide A-E & cyclosurugamide F DEALHTEARIC 1T 5 C KimfkiLiz L dic p-7 I /&

(DLeu 58X U pAla) TH D2, THiE CERImICp-7 I /BEEFT 25E (p-Ala-p-Ala)

ZERIICFEFR T % PBP L HHML L 72K CH 5, PBP DI C K -7 I 7 BEER 13,
FERE AL O EIICIE T 2 BUKMER T v MICRNT 2dDTHSL L2, PBP DT 7
1Y —#3% ADP (Alkaline D-Peptidase) Ot & GHEALEZ F V2 IFFEIC X D RB S L
T3, 207, SurE d ADP & Rk D TR IC X BVE C RIm R IELERIE 2 563 L
TW3 ZEePHEIE NS, SurE BERTEID TE F A 4 v Tid7 < PBP & MRV %/~ H
IRHTH 228, UTICRT2ODHHNREZ LN S, 1 DHIZ. PBPOKPERHETH 5,
fhd 27 7V 7 55 PBP DEIL T 23K ARHRIC X D surugamide AR~ L LY AT =D
b, ZN%k NRPSAEGHOBMUIEHREL L THIAST 2 X5 ik ozrlRetkch 5, 20 HDH]
REtEZ, X v 2 HOWNBUEL TH 5, JTK surugamide EFEFIC T — F I LTV 72T F
FEACEER S, C Kt -7 I/ BORE I T 2 8L XV &0 b7z L., R
I PBP L HALIT 2 X S 1T o 72 F[REMETH 5, SurE DELI IR X8 & 2> T7a 23,
Stk RN 72 & DGR ER DR A % 2 L CRIBEDMBIIGESL 2 & ff s h
%,

SwrE DHEKRAID TE F A A viciZRoNm w2 oHOR#E LT, NRPS 2> 5857 LT
TET2HMBERCTH LB FoNnsd, —MRINATE F A4 Vi, ERGEAKREEREOK
REMEN XA v & LT CRIRICAIAT 2T CHEL TH D, BEEES 2 PCP F A4 VITHHA L
7AEABR BRI L Co RG2S 5, 20—77C, AWECRIEI I 7 SuE
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iE. EAEEED O L THET 2 MR CTH Y, SurC & SutD &) 2 DDHRK% 3
NRPS 2 Z N Z N THITIEHAT 2, 2D X 7% trans THERT 2BR{LEER 2RI L 244
B AT Lk, SurC & SutD D CKERICTE F A4 v A2 ZNZENa— F T 2080175
=0, ERNOT I BERZENTE 2 &0 ) M TEYANITIICh o -HIETH 2
CRZBENTE D,

a) Lipocalin K X A >
(23 kDa)
PBP R X A >~
60 A
(37 kDa)
36 A T
SrfC-TE Surg
(28 kDa) (50 kDa)
b) . T
PBP kXA ¥~ Lipocalin k X A >

1 451
~ — N -

66\ ,/’/1’56 \ / 305\\.\

84S D(€

e o o NY4T, e o o Sle
YE] G

fhil 4 TR E

Surk
2QMI

PBP [ 4Y7P

Figure 2-15. SurE D&M

a) PERAID TE & SurE @ X i bt o Hiik

FERFID TE & L T surfactin DAEEICES D % SrfC-TE # A£1C/R L7z (PDB: 1JMK) 68,
SurE @ X ik G # 418 L7z (PDB: 6KSU),
b) SurE ®—XK i
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3. SurE & NRPS ® % v 8 7 B AN ICBE 3 5 &%

NRPS DA TIE, FEARHERECE N AA VIEIZINENWREDORT L bR v 7
HERFRMICHEER L, EE20EIEYPESR I NI I T vy 7T ) =4 VR
FEEICHIElE T WE, 2o b, SwED X 5 %#E D NRPS (SurC & SurD) & trans
CER 3 2R, AR T o X5 cHillffldh, & X 5 ICRED NRPS ZERIVICEE
LTV Z0ICOVTIREELRD 25, NRPS DT vty 7 ) =74 vicB T, #
D NRPS i trans ITFHT 2R IFIFFICE L, ZNETEHIOALDEREICL L 5 @
N, ZoHT, PR BEEERRNT A R S Tz rans ITIERIT 2R OREHI L LT, BRT 7
v 7' F ¥ skyllamycin DA D R X L7z P 7 v L P450 €/ A F > 5 F —+ Sky32
BT 5% (Figure 2-16), Sky32 X, NRPS (Sky30/Sky31) IZ{FfE$ % 32D PCP F £
A v ERRRMICHAEER L, Zhbicr— F X7z t-Phe. OMe-L-Tyr, XU p-Leu @ B fif
KA % —Z i 2 R CTH B,

__ Module5 _ Module7 _ Module9 _ Module1l

sky30 sky31 sky32 @
— O/
o

~_Module6 _ Module8 _ Module10

B- OH L- Phe |_ Pro B-OH-OMe-L-Leu D-Ti L :0§_2N:H
' @OO@GO@G GG@GG o= )
HN
o
) NH

% o

Q_zz Q_zz 4<_2N:2 e HN 7 NH
HO',,

e pa.>

O

?\ < Macrolactonization N
)K[( NH OH —2:

NH

HO
o NH O

~~~~~ N o
COO/HY L/ ‘ \

o E E

skyllamycin A
Figure 2-16.

Skyllamycin ZE & IC 3T trans IC/EH 35 & b 7 1 L P450 & / A F &7 F —+ Sky32

2014 4F, ®F v v 2 R¥D Cryle b DffFE 7 v — 7id, Sky32 @ PCP F A A4 viFERME%
fERIAS 2720, Sky32 L X DXT XV AN HETH B Sky30 DEL 22— 7D PCP F A4 v
i S 2 1815 L 72 ™ (Figure 2-17a, PDB ID: 4PXH), ZHIC X#LE, PCP F A A4 v D
o~V v 22 (al) & Sky32 D a~V v 272 (02) BHAEEHLTEY., Zd Sky32 D
PCP F A4 VBEREICHFG L TR Ex LNz, ZOHEFERIE 2 o0x v 08
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Do AR 2> SRR X L, PCP F A 4 ¥ DR63, T46. K47 & Sky32 D D191, N197,
E235 % /1 L 727k F A& (Figure2-17b), 3 X U'PCP F A 4 v @ 143, F34, F35, F65, F66,
L62 & Sky32 ® W193, L194, 1200, 1239 T I N2 BUKEMEFERICE 2D TH -
7= (Figure2-17¢), FEFE, KRICICIFEISE L 72\ Sky31 €Y 2 — L 10D PCP F X 4 v & Sky32
DOIFER I ONR L2722 D0, TN o~V v 7 AR TORERN 2 v o8 7 BB
HAEFHOBEZEEDR S D23 Z 5,

a)

Sky30EY 1 —ILTD 7
PCP R XA > {

a7 X[H

TOHEEER

Q/‘g AR D )\
N = w LA A 3 |
= N9 C0 VW Ve
Kristina, Haslinger. et al. The structure of a transient complex of a nonribosomal peptide synthetase

a cytochrome P450 monooxygenase. Angew. Chem. Int. Ed., 53, 8518-8522 (2014) X Y 5|/

Figure 2-17. Sky32 & PCP F A 4 v @ & v 7 &G WMHH B AEH

a) Sky32 & PCP F X A v OIik ik
PCP F A4 vuFRt, Sky32 #t TR L7, £/, HAMEMHICED S PCP F A4
v @ o-helix % al. Sky32 @ a-helix % a2 &ECL 7z,

b) KEREICX BHEEM
PCP F X A4 v Dol 27, Sky32 D a2 Z¥EB TR L7z, 72, KFEHAZIVKT 2
T3 BEEREEEETRL, ZofARAERoMR TR L 2,

¢) BUKPEREREIC X 2 AR (BOKHAMHEEER)
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il D FEATHFFEIC I D\ T surugamide FHD LG Z 53 5 &, Sky32 & [FIBRIC trans (T
E3 % SwEICBWThH, EFRIcHBILz a~Y v 7 2ZA L AHESEHIC X D NRPS #
REEZHHL O 0[EEELAE X bz, £ & T, surugamide FHAEAKICEHE T 5 SwE &
NRPS O AR ICOWTHR%ZB 2729, SwWE L Z DT EY 2—1VLThH5 SurD £
¥ 2—1 8D PCP-E F XA v (Figurel-21a) ODEERET V&, X VX 7B REETH
7w 7' 7 I AlphaFold-Multimer % W CfER L 72 7 (Figure 2-18), % O#EHR, SurE D&
D a~Y v 7 RHET D Arg/lAsp &, E F AL VORGEFRD o~V v 7 RIFET S
Arg/Asp D 6 2T ORISARICTA A v G RV T 5 2 L 2R X L7z (Figure 2-18a), ¥ 7=,
K18 A DT AT ANV T T4 =AML CEGHFRIEAHEEE LS PCP F A4 v D Ser
FRELIZ. SurE Dfilil Ser FREEDUTHHFICAZE L. PCP F X A ¥ %25 SurE ~D A A D
ZJHE Lo REREEE (9.7A) TH -7z (Figure2-18b), F 7z, SurE & PCP F X A
VAT E AR E WALE ICEE LT 5 D D0 [l O TR CcBUK AR A1F <K
FIEEA & VA OMBERA BRI N R 572, ZDO—HT, KKORTEY 2 —
ALTIE 7R\ SurD €Y 2 —L 7D PCP-E F A 4 v (Figure 1-21a) & SwE OEAKET L %
AlphaFold-Multimer I CER L. Z DA Z T L 72& 2 A, PCP F A A4 D Ser
PRFL X SurE DR 7 v b XSO S HICHLE L, PCP F A A4 V55 SurE ~DHEEHK
RO Z TIE L 3 NEE R EERE (298 A) TH 2 Z L RBE N7z (Figure 2-19), 2D Z
&b, SwE o~V v 7 A TOHAEM%Z /L TNRPS @ CRbi E N X A v 2 FFREY
ICRRFR L, Z R E L C SwE OGRS v FEFFICAIE L7z PCP F A 4 vICiHF S vz
A A R R IO U CBRIE RIS & il 52 2 & AR S 7z,

iz bp b, SurE ZETZED Sky32 LFAER, o~V v 7 AMCcoMAERZ ML
THREDNRPS F A A VEERRHT 2 L WRBEI Nz, — T, SkyR205& L TR A
. SwE BFEIT 2 F AA VIXEAPEASHEEE S PCP F AL Tk . AR
RCKRUWICHIET D EN AL v TH DT EBRBEI NIz, 5%, PCP-E F A4 v & SwE D
St G DS RE A X 2 HAMEHICB D 2 REE D [FE % 17\ iR T o H A
TERBRKZH S 22123 5 2 & T, surugamide ZEAKIC BT 5 SwrE & NRPS D:ER 1 D fiEBH
DY CE S, £, HonMAEED LICSwE & X VBSAHEERTEE N AL v EA
THICTFHFA Y TBZET, NRPS 7V 7V =54 VD4 Y%y 70Tk B2IERRT
BIR~7'F FOEYER D AREIC R D L FE XA b LD,
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E domain ]
PCP domain

SurD Surg

module 8 AlphaFold2

Figure 2-18. SurE & SurD €Y 2 —/ 8 ® PCP-E F A 4 v DEAIKETF L

a) Arg/Asp DA & V&% L7z SwE & E F A4 v o AR
b) SurE & PCP F A 4 ¥ @D Ser B2 ML L T 2867

PCP domain

SurD
module 7 AlphaFold2

90 @ =

Figure 2-19. SurE & SurD €Y 2 — L 7
@D PCP-E F A 4 v Ol AtkET L

SurE & PCP F X £ v @ Ser 5E: (T B\ D 5[]
g, BREOZFEL PREETH S,
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4. Surugamide F & cyclosurugamide F D 24 & AR B IC B 3~ 5 &L
KECIT 2 72 surE BRI O KEPIENT C surugamide F DEESH R L7ZC &
(Figure 2-6) . ¥ X UHGRE O EIENT T cyclosurugamide F DA FER MR I iz T &
(Figure 2-13) 2°5H. TN HDRAYICEIL CTUT 2 8 0EARRIKAE 2252 8T
% 2% (Figure 2-20a, b), 3 7xb b, LEAHEER SurB/SurC I X Y EGHHPEGEAHE I
72D b a) SutE 282 7' F FEAUKIG & MK RIS D 2 D DG % M L, mi b &Y 230E
RRICAPE I N A A GRS, 3 L Ub) SwE I X 2 BRULIS23 i X 71 cyclosurugamide F 23
B L72Db, EENICHFEET 2 RKRAD R 7 F X —1IC X O (L& 5 7 K 5 i BOG 23
HEIT L, SR D surugamide F ~ & A X 1L 2 A RS TH B,

EPUETIC TIT o 72 MK FERTEN AR D SNAC HE % W 7-BER G (Figure 2-10) 12 CTHH
WT /1= 7F ¥ surugamide F A& ERK L md o722 L B#EA D &L invitro % & in vivo &
T SurE DRISHEICEDR WL IZHTE TE 2\ d DD, a) DFEEE T surugamide F 23 4E G K X
NTWa LI3E 2, 72, a) DFEEEZ AT surugamide F 23ESH I N T 3 ERET
% &, surugamide F D4 FEE DEENNICFE cyclosurugamide F DAEERE D HEIM L T idd
THb, LH L. surugamide EFER % 5 HEEE#E L. surugamide F & cyclosurugamide F O
FEE % REAICER L TA 3 & surugamide F OEREE I E ICHEM L TWw < —J5 T,
cyclosurugamide F D F &R (35585 4 HH ZHICHHITH & 72 o 72 (Figure 2-21), Z Mg
WD cyclosurugamide F DR % —E ICROKRMOEEDOFAEZ RB L TV 5, Z ORKFH
5. cyclosurugamide F 23 ERN D RKH DR 7' F X —+EI1C X U surugamide F ~ 2 X 13
b) DGR ZIEE L T\ 5, Surugamide FHOAEGHIEIR T2 7 A X — DfFNTHEFR 2> 6
Ko FAX—D FFIca— F &Ntz o2 %5, 20T 3 J BEAI5 5 a/p hydrolase IC 7/ 7
—2avANBEI LWL LR o TS ¥ (Figure 2-22), Z D79, KEEHEMN
cyclosurugamide F 7> 5 surugamide F ~DMIK RIS Z it L CW2 2 & B3EFEx b b,
RAA ARSI X 0 BHIKD surugamide F 2 EZEAGK I N WEIHIZED TlZ 7R w23, K
KOEGHICLIFLIEAONS [ 70 8y ZHREg | 757 28 L T 3 aRetE 3% 2
bid, $hbb, TITVDIKAEERDOER~TF F cyclosurugamide F % AR L 72D
b AMEEW & M~ & THTS 2 BRI K %R Or2 O & CIHTEARKRTH 2 BHIRD
surugamide F ~ & I N TR enEZONE, Zhick by, HREREFOH%5FY
DO, EEHN DR~ ENEITTEERLEY 2T 2 2 L 3 A[BETH B, SR
surugamide F OAEYIEPES cyclosurugamide F D HI/K 3 d )0 % il 3~ 2 = 7' 5 X — € DA
B BLUOARBIREICE T 5 cyclosurugamide F ORI RICO LMW ER AT 5 2 L T,
surugamide FA/E A O 2EMH IR S 1 5,
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a)

SurkE  SurB/SurC

=) EEmm——)

%QWQQ?G

0. S
j/
p-Ala
|
Val
|
p-Ala

‘ N
Val | SL@

I -
p-Leu

|
R)-AMPA
|

Thr
|
Val
|
D-Leu
|

Trp
|
NH,

b)

SUrkE  SurB/SurC

=) aEmm———)

e QDD

Oy S
Y
p-Ala
|
Val
I
p-Ala
|

Val
I
D-Leu
|
(R)-AMPA

JEE——

(Surg

p-Leu

(R)-A‘MPA
T‘hr
\)al

D-I:_eu

Trp
|
NH, —!

OTO
p-Ala AN
val
D-,‘Ala

val
D-L‘eu

I
R)-AMPA
|

Thr
|
Val
|
p-Leu
|

Trp
|
NH, —

HN/

NHiN(\l)\

~TF FBRICRG HNTH\
BLU
TG B EG

5

cyclosurugamlde F

NH
\H Q HoQ 2 )\H T

N AL AN, N/\:)LN/WN\Z)LN/WN\Z)LN/YOH
o oo g =" o A" o AL o

surugamide F

HN—/
o i w R DFRAD
T F FRICRIT HN RFF At
Orf2 ?

cyclosurugamlde F

NH
\H Q Ho9 o )\H R VR
N %NA}NWN%NWN%NWOH
o) H o /,,OHH:HO/’\H o A" o

surugamide F

Figure 2-20. Surugamide F & cyclosurugamide F O #EE 4 & BRI

a) SurE T X 0 B - koA it X v, Wl b &) 23 A IR
SuwrE I X W Bkt X iz b, =T F X —XIT X BHKD R 2 BRI

b)

AT N B R
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surugamide F surugamide A-E cyclosurugamide F

l_l_l

: day 5

il day 4

il day 3

ii | day 2

: : - : - :
5 6 7 8 9 10 1 12 13 14 15 16 17
Retention time (min)

Figure 2-21. Surugamide F & cyclosurugamide F O #FRFY 72 EfE &8 O Z51L

E#E2HEH»S SHEHE coREYOEREZ LC-MS I THiT L 7,
i: Surugamide A DILAYIA + v v — 2 (EIC of m/z 912.8)

ii: Cyclosurugamide F D{L&¥ A 4 v v — 2 (EIC of m/z 1038.8)

iii: Surugamide F DL&# 4 4~ v — 2 (EIC of m/z 1056.8)

iv: Surugamide B-E D{L&YIA4 4 v v — 2 (EIC of m/z 898.8)

a/f hydrolase
v

orf2 surE SurA surB surC surD

. T

1kb

Figure 2-22. Surugamide BHAEAUEIE T2 7 A X —ICa— F I N MK GRS
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Vavand

%

1]

T SNAC EE % 72 SurE o VB IR o fidt B

B AREOHB

BIR~ 7T FldZ OFFH O ZRTeHEE 2 b ik~ 7' F F & e TERELEl: - K
WY - BERERESIRI TR 2720, iRy — X LCT AT IT - EERMDT
LM OEHEZED TN D %0, L L, ARAKNTECX 3275 FoBRLKIGIE
REZFHOHE L WRISTH Y, AERAKOFEEFPHEEL L WIESICZENTH 20D
BRZELTWw S,

2000 fFIT N —oN— FRFD Walsh & DFFFE 7V — 753V K Y — L~ 7 F VERLEER D
in vitro FHERICEE) L CURE, S HCIUE RO HHRRE 5 L LTwd %, Zof, %
CDWFEENRRTF FERICBER LR L. 2 OBEEMRIT & & b IR 08 23R L <
e, Lo Lads, ZoMfFICK L, JEY R Y — 27 F FERUESR 2 AR e LT
FRACTEEZRHIES—EHORICRONT NS 5, 2OF-3ERKE LT, TE AL VD
W ISR AR T O N B, TE F A4 v 3HERIRIED D A % @i L 72 JE00UEHE 13
RibcxCdh, RKROE L 32Tl T I 7 BEY % H 3 2 eI LBtk
ERIROEARKETH Y, ToREEMHHOR T BFECTH o7, /2. TE F XA
VILEE, MENCBEBWTERAAKEED L LTHFEELTEY, b A4 v & o
HAEHIC X 0 SR o EERH S R I T nwd, 2D, TE AL YD T v 7 —
FMEEFEE & UGBS ABIC, IEL 74 —AT 4 v EINTEHAGREZEK T 20
REthE-e. WIAMER v VB R TE L L COARROMERIEE % Ko T 3 REM A B
o7 TOXD AL LCOWRNIT I, TE FAA v AREMEAEE L CEMLT S
CEIRIWNETHELEEZLNTE 72,

ZD—7 T, BEICTREE L 72HH~ 75 FERILEESE SwE 1k, kA7 2 <75 F
surugamide A-E & Bk 7 4~ 7' F F cyclosurugamide F & \» ) &M IC KE { B 5 2001
AYOEEGRKICEE T 270, BEAGREERELZG T 27 F FRILEERETH D Z L H
HEM &5, £72, SwE 3EKD TE FAA v &38R 7D, b &b & EEMREEED O T
LCHIET 2 MR TH 5 720, BinFEIECHILEZ 2 v o3 7 H OB HIRINES <
Hb, TOXHIC, fERkD TE F A4 vORBEERRL 725 %2 BT % SwE THhiE, <
7 F FEALAEE L L ColCHATaIcificEd s Ex b5,

Z CTARFETIE, SwE DAL L ColbH% R4, #ED SNAC HE % H\wT
SurE DFEREMT 2 T\ AR O SR B P PR - F R I B T s A 2152 2 b %
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Hi & L7z, SwE ORE RN AT 21cHh7-0, AETIIULTICRT L 5 I1C SNAC &
B % 4008, (FEE CKim/FE N Kim/BedNER/EERL) caE L, 22 hoEhiic

3% SurE DI % FHf L 72 (Figure 3-1).

© C-terminal residue

@ N-terminal residue
Vv Stereoselectivity v Stereoselectivity
v Residue selectivity 9 Middle residues v Residue selectivity

:{’E
)
=

: o Y7 o o
N r&“fr & N
o o 0
I/NHZ O Lcaving group

Figure 3-1. SNAC #& % F > 72 SurE O FEHE R o fig iH
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BN BRE AR I 3 B L MAGEI I o #GEIE

SwE X PBP &AHFIMEZ /R L, BERRISICBED 2 & N5 Ml 4 785 (Ser. Lys. Arg,
His) dEEICREFEIN TS 2 b, 2 OHEERIED PBP L HBIA H 5 2 & 23 HEH &
%, EFE PBP X CRIIC p-7 I VB2 &H T 2HH (p-Ala-p-Ala) ZERIVICIEFH S
%—}T. SwE bRk, AkOFEETH LEIRA 7 X< 7 F I surugamide A-E & BT 7
~ 7' F I cyclosurugamide F OEAUFTEK A D C RimikkiZ &b 63 p-7 I/ (D-Lewn-Ala)
Thd, coZlprb, HECKICD-T I/ BEEHET 52 L2 SwE O EZHRICEE
THh AR # 2 b7z,

Z ORI A RREET 5729, T VEE TH % seco-surugamide B-SNAC (7) D C K
D-Leu % L-Leu ICER L 72 F-EH 2 LG L. SurtE @ in vitro ER)IGZ1T\ >, Z OBALIE
PE% M L 72 (Figure 3-2), 7x3, SNAC #E 7 @ C Klifi b-Leu % L-Leu i L 72 5E
seco-surugamide B (DLSLL)-SNAC % [32 RGIC 72 F%, N R 520 L-Lys I8 T H 71
ICEALSOGDSEST L. SwE OBMLIEW 2 ERBIICFHi 2 2 e A TE o7z, Z T TR
EERCTIE, ZOBERMNRBERLE < 7291 N K 567 L-Lys % L-Ala ([CiEf: L 72 58 % Jlli&
FAELL . SurE D in vitro BERIGICH WS 2 & & L7z, SNACHE 7 D N KU 57 L-Lys &
N KU 8 {7 D-Leu % Z 1L Z 4L L-Ala 3 X O L-Leu ~ & & L 72 FH seco-surugamide B (K5A,
DLSLL)-SNAC (14) %L FAEKL7zD b, Mz SwE Z 72 invitro BRIk L 72,
FMMGEAE T, KpPT 2 FEIRISE¥ 720 b, BEERKIGH%Z HPLC I CToHr L 72 (Figure 3-
2), % DFER, CEKiA p-Leu TH % H'HE seco-surugamide B (KSA)-SNAC (15) ZBEERIG
W72 5ATld. SurE K R EE O & Z LI 5 head-to-tail BRLAAK cyc-15 DK
DRI 72— T, CKUfidd L-Leu TH 25 SNAC HH 14 27286 Cid. HEORA
LB BRI TR INGE P 572, TOFERDL S, SwE 1 CRIIcD-7 I Ve h
TR AR L . BULRIC RS 2 2 L AL 0 L T o 7z,

KT, SwrE OEBLIIGIC BT C Ruiikdk & O RIG R & 72 5 N AU FRIE 10 3 2 37 (4%
PRMEZBEEL 72, SNAC FE 7 O N K Llle % p-allo-lle ICEHE L 72 HH seco-surugamide B
(Il1pallol)-SNAC (16) % FHHLL . Hfa 2 SwE IZ X % in vitro BEFRKG I L, HPLC I X %
ST %17 > 7= (Figure 3-3), % OfEHR, SwE KFNREE O 3R I N0, &
% L 72L& #13 head-to-tail BRALAE cyc-16 T3 . F AT 2T AFEEHBYINT & 7= ik sy
R hyd-16 TH o7z, ZAiE, SwE 23HE %25 L HE —HREARLZIZRLZb 0D,
BB N KGR FE p-allo-Tle D SKIEHBEDHEFT- S, R DK TIC X 2 REGBE MBI I
E-7vicELzboEZOLNS (Figure3-4),
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DL E D STAEIRYEICEE 3 2 WEER 2 5. SwrE 3. CRIEp-7 3 /B NKRigL-7 3/
Eco~Tua ¥ I UARERERCTO head-to-tail BAVIIE 2 3B IR Ikl 2 ~ 7 F P BV
FTHBEZLBHL N Lo,

L-lle p-Leu

o, oY HQOL S\WH 2 )\ i
HN., SN, SN N ‘s
S

seco-surugamide B (K5A)-SNAC (15)

L-lle L-Leu
ﬁ” W(“

seco-surugamide B (K5A, oL8LL)-SNAC (14)

14 15
N
cyc-15
£
o
8 15 + SurE
N
kS
IS — N\ cyc-15 (std.)
: J
o
2 \
< 14 + SurE
. J
5
= 14 only

8 9 10 11 12 13 14 15 16 17 18
Retention time [min]

Figure 3-2. FYE C R¥mbRE 1003 2 L AAGEIRTE D IREE

UV200nm IZB T 3270~ 277 L% R LT, F7-. BEENIGTERK L 72 head-to-tail
BAbiA% leye) LFEL 72,
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p-allo-lle p-Leu o = 2 Jum

: ﬂL
seco-surugamide B (IlDaIIoI) SNAC (16) ®/ O%\S—\ NH,

cyc-16
i\ /Wri‘\ /WN\)LS\W /WOH
NH2
hyd-16
hyd-16 16
£ TEN
o
o
N
® v
.§ -——’-/ L 16 + SurkE
3
&
<
3
16 only
7 é 9 1(') 1'1 1'2 [min]

Retention time [min]

Figure 3-3. FEE N ARG 100 5 2 S AGE R O EE

UV200 nm ICB 270~ 9 L %R LTz, 72, BERIGTER L 72K fiEEk
% rhde (E %E L/ f:o

H
S/\,N O=
i
~o o <\5\ 2
) ) w-00333IFD Lo

NH,
p-allo-lle N-terminal Hydrolysate
p-allo-lle
HaN Acyl—enzyme
SNAC-substrate intermediate

Figure 3-4. SurE (T X % MK fife SRS
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B RAEIRYE ORRGE

RIC, SurE ORBERHICEE R EEIZH S 7 IV MEEZFE T 272912, SNAC HH
DT F7=VAF v =V 7 %Ei LTz, seco-surugamide B-SNAC (7) ZHK T 2%7 I /8
I E CoL DML AR R L 72 % F 1-Ala B L < (3 p-Ala ~Ef L 72ff 4 © SNAC HE
AR L. Mz SwE &7z in vitro BEREIGICHE L 72, REBRCTHW 2 5H 13,
SNAC 58 7 %59 2 &KL L-1le3. D-Val4, L-lle6, D-Phe7. 3 X UF D-Leu8 % Z 1LZ 4 Ala

B L 72 FEE seco-surugamide B (I3A)-SNAC (17) . seco-surugamide B (DV4DA)-SNAC
(18). seco-surugamide B (I6A)-SNAC (19). seco-surugamide B (DF7DA)-SNAC (20). seco-
surugamide B (DL8DA)-SNAC (21) TH 2, 7. N K SHLD L-Lys ICBAL Tld, HE D
KB ZHEFF T 272012 L-Ala TlE%RL o- 7 2/ 7Y VE (0AA) ICER L 722 seco-
surugamide B (K5aAA)-SNAC (22) %7z, Eid 6 D SNAC K (17-22) #FHEIL
Db, ERSEMET, Kb 2 KEEERKICZ1T > 72 (Figure 3-5), RO % HPLC
CTHMT L 724G H. L-LysS & p-Leu8 DiEH#ufk 22 & 21 TIHERLAEMET Ldb DD, %
NS DI TIIERIVIC head-to-tail BRILAAN LI N Z EBHL L o7z, TD
fER D 5. SurE (FHEE ARG ZBR & . EAINENICN L CEARBREEREZH S5 2 LAUR
Bz,

KT, FH C Kk X OFEE N Kb 0 BILEIE % WGE L 72, AFERIC TRV 7238 13,
seco-surugamide B-SNAC (7) ® C K p-Leu % Bk T I / & D-Arg/D-Asn/D-Ser ~ & &1
L 7= seco-surugamide B (DL8DR)-SNAC (23). seco-surugamide B (DL8DN)-SNAC (24). seco-
surugamide B (DL8DS)-SNAC (25). &=\ ill§d% H 3 % p-Phe ~ & & L 72 seco-surugamide
B (DL8DF)-SNAC (26). A& KFZH X \» Gly ~& B L 72 seco-surugamide B (DL8G)-
SNAC (27). ¥ X U N K¥ji L-lle Z S m Wl Z B 32 L-Trp ~ & EH#A L 72 seco-surugamide
B (I1W)-SNAC (28). % 2 #7 I v %HT 2 L-Pro ~E &L 72 seco-surugamide B (I11P)-
SNAC (29) © 7ffHTH %, T4 5D SNACHE %z SwE % H\ 72 in vitro BER K IG
It L, BYLRIGOEIT 2 B2 L 7= (Figure 3-6), % OEZEIGH % HPLC IS THHT L
7oAt R, C KU I FLBRIYE 23/ & p-Ser A L 72 5H 25 CIIBUIARDER2FRD b
72o ZD—J7T, D-Arg, D-Asn 72 L D& EWEUKEERESLT ¥ 7 V7 Gly % C Rl 8 A
L7-5VH 23, 24, 27 CIEIBRMLROCIZ B CET L b o7, . NRInzH 2|7 I v T
B2 L-Pro ICHEHE L 72 5H 29 i, BREH O IR TE b 0D, Z DAY IFER{LK
T 7 S MUKGAETH o 72, FEWI A% Phe % Trp 72 & OE R VBUKIET 2 /7 BEiciE
WL 725 26, 28 ICH W TIE, TERMRIEE DR L 2 nictt: 5 BRI R T h
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7zo AEDOKERD B SurE 13 C RImFRIEICBUKEREE LS 0 /N S WKW % & b i H
EIF— T, EEOBUKMRIL 2 & DE IRt §. HE ¢ Kifich L <& ok
BIREEZRTCEBHL 2 L e o7z, F720 NARERILICH L T, Pro D X 5 ZskikiED
IO 2T I v EETRERRLL AW—J7 T, TrpD X ) Ak &R E 2 5
b3z eho, RNERRERELHET 5 2 LBRBI N,

L-Ala )\ p-Ala
e et TR

NH,
seco-surugamide B (I3A)-SNAC (17) seco-surugamide B (oV4pA)-SNAC (18)
17 cyc-17 18 cyc-18
: N + SurE N + Surk
A - Sur jL‘ - SurkE
9 10 11 12 [min] 9 10 11 12 [min]
aAA L-Ala

ij oy Hf WN%SW %ﬁﬁm (ﬁ Yy fik ﬁr“* A %ﬁ(sww

seco-surugamide B (K5aAA )-SNAC (22) seco-surugamide B (I6A)-SNAC (19)

22 cyc-22 19 cyc-19

J\_v ~ SurE ' Jk : : . : - Surk

9 10 11 12 [min]

8 9 10 11 12 13 14 [min]

p-Ala p-Ala
| ~~ g0y ; )\ o oL 2
HN s H,N,, ~ N N N S~
2 rﬁuﬁr YWY Y f& i rﬁk DS SO G
NH, NH,
seco-surugamide B (DF7pA)-SNAC (20) seco-surugamide B (DL8DA)-SNAC (21)
20 cyc-20 21 cyc-21
A + SurE J =~ + SurE

: J\—" — ~ SurE J\ - m—— 10 =

9 10 1 12 [min] i q i © P T = min]

Figure 3-5. AEERICH 72 SNAC FHE DL S & BER G D HPLC bt
BT SwE 2SN L 72 % (+SwE), TERICHEOAD%R (—SwE) %/~ L7z, UV200

mickElFs7u~t 77 6%n07, T, BERIGTHER L 72 head-to-tail BR{L{A %
leye) &REL 72,
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HN

-Arg )/

(E WM

seco-surugamide B (DL8DR)-SNAC (23)

NH,

N— + Surk
" - Surk
8 9 10 11 12 13 14 [min]
p-Ser
o o, o oy g o
Hal, A AN AN AN AN NN NP
Hog H : H Hog H
™
seco-surugamide B (DL8pS)-SNAC (25)
25 cyc-25
L/ j%
+ Surk
N - Surk
8 9 10 11 12 13 14 [min]
(o} \/ H o " " o Gly
Heri‘\H/WN,,, H/WN\)LH N H/W \/\ﬁk
[¢] B (o] [¢]
I/NHQ
seco-surugamide B (0L8G)-SNAC (27)
27
k + SurE
3 - Surk
8 9 10 11 12 13 14 [min]
L-Pro
e &ir ¥e 1
N N 2 S~
NH,
seco-surugamide B (I11P)-SNAC (29)
hyd-29 29
— M —" + SurE
- — = - - N - SurE
8 9 10 11 12 13 14 [min]

Figure 3-6. AFEERICH 72 SNAC

FERIC SurE 2L 72 % (+SurE). TFEk

DAsn 0

NHQ

rﬁmr f& ﬁr“* %ﬁrsw

seco-surugamide B (DL8DN)-SNAC (24)

24
A + SurE
. ; . . . . /g - Surk
8 9 10 11 12 13 14 [min]
D—Phe

seco-surugamide B (bL8pF)-SNAC (26)

26 cyc-26

A

+ Surg
- Sure

T T T T T T T
8 9 10 11 12 13 14 [min]

~N o o :)\ o
N N S ){
N N N/W ~"N
H H H
o o
I/NHZ

seco-surugamide B (I1W)-SNAC (28)

28 cyc-28
I SN + SUIE
I\ - Surk
8 9 10 11 12 13 14 [min]

HH oL & RGO HPLC 74T

EEDHR DR (-SurE) L7z, UV200

KB Fb7u~ b7 0%R L7, £, BEREKIGTERKL 72 head-to-tail BRILA,

isotw)lhk GrfRik% Teyel, LU Thyd) &

na I/7LCO
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SHPUE AR IS 2 IR O BEEE

Ko, FEH C Ruo B I3 2B R A BGEEL 72, AFEBTIZ, T cHuCE
72 SNAC HH X 0 & AWMEfEC. oML FAERDFRIC C RinfkD = v x ) {ts & D]
OGO E R bW A F VI RATAMEZIE & L GERL 72, seco-surugamide B-SNAC

(7) #ETAEEL LT, ZOAFAZRATAREUFICRT ZF — LI X Y LFEERK
L7z (Figure3-7), ¥ 3. DIPEA % H\»T C K5k p-Leu % 2-CT BfEICHHEF L. BEIHIE
F7 2789 %372, RIC, Fmoc EHANIEIC X W &Y I/ Bofid &~ 7 F FE#HOM
E#fTo, B 7F F 10 2157205 30%HFP/ DCM #RIC X Y ~ 7' F F % BHE
oYY L, AAEVEE 30 21572, 30 % DMF KA L7-Db, E o DIPEA &
iodomethane Z M Z. C KihkIED XA F VT AT ML EITo /2, A 7 72— T EHWT
100 °CT 15 min G #72DH, TFAICX D 7 I/ BRSO RERE S KON KHT I v oD
Boc BZfrEL. AFNVIZRATAEKEG, TOXF LI AT IR LTI — 7 A
Z{T\>, HPLC # W2 H %2175 2 & <, HIWEE seco-surugamide B-methyl ester (31)
#IRICE 35.0% T 7z, 7nds. REMIETIX SNAC HE (L EARCRIE L 75 72 C Kb
BREOT v A VLRI NS, TEOVREET 2 EDA R H—IChH 272,

Solid-phase

Loading rate: peptide synthesis

1.0 mmol/g

Fmoc-D-Leu-OH \)L 5\(
BocHN (o]
N . DIPEA, DCM . HN/\H/ . /j(ril\ /j( /j( ‘
2-CT resin NHBoc

1. piperidine, DMF
2. N-Fmoc (or Boc) amino acid
DIC, Oxyma, DMF

Resin-bound peptide (10)

HFP
DCM
. Mel .
o o Y~ o N o )\ DIPEA
HoN.,, : H A HQL N A O - DMF  BockN, N\)L OH
¢} o o o} TFA, HZO TIS
NH, Peptide precipitation NHBOC
seco-surugamide B-methyl ester (31)
Isolated yield 35.0% (17 steps from 9) (TTTTTTTTTTTTTTTTTTY
>7N:C:N4<
DIC
I—CHj OH

Figure 3-7. A F VT AT NEEADOERAF—24
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{LFER L 72 A F L 27 VRVE 31 &R 2 SwrE OREESE K)GIE % Figure 3-8 1278 3 AHAK
ICCRRABL L, 30 'CTIRIRA v ¥ 2 _— b} L7z, BERRIGIR%E LC-MS 1T THHT L 723,
METIED 2D DD, FERIKFIICERILR surugamide B (2) 284K 32 2 & A3HL 2> & 7
-7z (Figure 3-9), Z DFEEA 5, SwE 13 SNAC AT TR AF AT AT ARG HE &
LCRFAN, BRI L CHAREREZE T2 2 EBHL 2 L o T2,

Reaction conditions

20 mM Tris-HCI pH 8.0

200 uM Methyl ester-substrate (31)
20 uM SurE

H,O up to 100 pL

30°C, over night

!

LC-MS analysis

Figure 3-8. Seco-surugamide B-methyl ester & SurE O in vitro BE32 & D KOG

S

seco-surugamide B-methyl ester (31) surugamide B (2)

m/z 93\0'5 miz 898.5
T
-~ 31+ SurE
m/z 930.5 . ,:' T
m/z 898.5 : A
L 31 only
m/z 930.5 ’
m/z 898.5 T ‘ T - T |A: T T T
8 9 10 11 12 13 14 [min]

Figure 3-9. Seco-surugamide B-methyl ester & SurE O in vitro B35 SIS

RERIC SurE Z iR L 72 R D rAE SR, TEICEE O A DR DR EZ R L 72,
su= b 77 LIEEDOS AL v E— 27 ICHHYE T 5 m/z930.5 & surugamide B D
BFAFAVE—27ICHYET 5 m/z898.5 D EIC 2R L 7z,
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SutE (&, SNAC HEH 72 Tk {ALFEARBE S 2 A F LT 2T VEE I LT b BILE
WERTZEBHL Lo, Z OZERNFIZIEH IV (Figure 3-9), % Z T, X
FNT AT VBT 2 BRGIEE DR EE BIET 720, FEIIEZ 8\ 72 KIGE o il
TR % TE R R SOSIC V5 2 & & L7z, Figure 3-10 ISR I AT A F Lz 2 7 VHVH
& SurE HINERE R ORI CH Z L L 72D B 30°CTHREA v Fa~x—F L7, BEK
JEHE % HPLC IS T L 725 H. XA F AT A7 VEE 31 A5ERICHE L. ERMIC head-
to-tail BRI 2 ~EHaI N D T e BHL L 7572 (Figure 3-11), 2D Z & 56, SwE ®
MR 2 B ERGICHW 2 2 8 T, AF LT R TFAIEE IS 2 8LE 2 Ec&
52 L E R T,

Reaction conditions

20 mM Tris-HCI pH 8.0

200 uM Methyl ester-substrate (31)
20 uM SurE cell lysate

H,O up to 100 pL

30°C, over night
1

HPLC analysis

Figure 3-10. Seco-surugamide B-methyl ester & fAERETHE D in vitro FEa KIS D GG

\/Z\e\\NH HN oL

Oy _NH HN o
HaN N/\WN H/\WNJLS\( /\f( — 4 — )\N\\\[NH T HNLO
e 04(\/N N
NH2 SurE ®/ OH—Q
Cell lysate) ¢ NH;
seco-surugamide B-methyl ester (31) ( Y i
surugamide B (2)
31 2
_ ;
SE SN
S5 31 + SurE (Cell lysate)
a O |
® |
>© !
= L 31 only
8 9 ‘ 10 11

Retention time [min]

Figure 3-11. Seco-surugamide B-methyl ester & A K % F > 72 BE R OGS

BT SwE MR 2 SN L 72 %, TEICHEDOAD R %R L 72, UVI90nm i
B3 7u<=r 77 0%R LT,
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FHET PBP-type TE O RAAHHT & k€ 1 7R DR

RIEI D in vitro BEFR UG D REAEF A 5. SurE 13 FE O B NER o FR 3 - BiER i L ¢
REENEZH T2 2 LRI N, £/ BHE N KIS CREGDEREICHL T —
EOHIRIZD 2 b DD, BRDERMEEZET LI LBRBI NG, DX 5 ITERMIE L
LCENZFE2E9 2% SwE XA T, fthd SwE € v 7% (PBP-type TE) DILHE
FRYEICOWTH EIRD R 2 L 2HTH D, KT, SwE & RHFMICEEZ 7L — N 2B
X3 % PBP-type TE DR & % OBEREMNT 21T Z AT ENIE, Fi-filfigExH L 72
PBP-type TE D[AE° PBP-type TEHE 7 7 1V —D X L 2 AR OER S S 2, %
CCAHITIE, SwE O T I/ BRECHI & BB ICRIIENT 24T\ Bz ' v SR ORE
& Z OIEERME OWGEE % 1T - 72,

SutE 7 IV BEA 2RI A0S ) LT — 2 X — R GenBank ¥ ICTHE W VFERD
WRETo7, Z DOKH. PBP-type TE (X &R ICIE)A AR 2 il 22 ARG S R
T LTH Y, BT 600 FELL_E D PBP-type TE 2AFET 5 Z & 250 5 2> & 72 - 7= (Figure
3-12), ZoHICiE, FCICHEE - EREIN TV I RAMTH 2BR~F F <7 F F
desotamide®?, ulleungmycin®?, mannopeptimycin®* < noursamycin®® 7z & D EEHIC B W TES
BRI D head-to-tail BRALSIG Z filtli 3~ 2 & PAH X 415 Dsal, Ulml16., Mppk < Nsml6 IC
M. EVBRE I N TR WEARKELE T2 7 A& —Ficdh, 8% DR D PBP-type
TEZR2Z—FINTWE I EBWPLr ko7, TORRIT, HEERE XN TR VEIR~
TFFBEGEEELTCHE L ZRmBT250THY, 5tk PBP-type TE 2 f5f e L7=7
L= =y RSS2 T FRERK<T T FOoRERGFI NS,
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Streptomyces scopuliridis SCSIO ZJ46 — desotamide biosynthetic gene cluster ﬁ;

dsal dsal dsaH dsaG dsaAL-2- 3- OTNH

T DD oM \ \ By I\(

NH,
desotamide A

Streptomyces sp. KCB13F003 — ulleungmycin biosynthetic gene cluster

ulm16 ulmA ulmB 19 20

CIDACIDA0D_>Umm | \ IO SOIDMETIDICS

HNJL
NH
Streptomyces hygroscopicus — mannopeptimycin biosynthetic gene cluster H N
ANG-N, QHO\ 1OH OH
— Y~ o
mppA mppB  mppK HNQNH HNJg_Q
(/I I D I D B B L DDDRBIDENBINRN W N

Streptomyces noursei NTR-SR4 — noursamycin biosynthetic gene cluster N
H,N P \—
nsm16 nsmi5 nsmi4 10 NH HN—
awEe) ] \ IO DDA CIDAE> D> o o

noursamycin A

Streptomyces violaceusniger Tu 4113 —
0876 0877 0878 0886
a0 COom ) O]

Streptomyces sp. MIM8645

03623 03624 03625 03630
CODAadCddAOm 1 e
SUERERSEED
_ — EEREwHLEMOD
Streptomyces lydicus 103 BIEFT T RE—
116959 116960 116961 116979
DI 1 OO DD EODIDOECNODD

Amycolatopsis mediterranei S699

3068 3070 3071 3074
) D] I D bl | od

etc. —

Figure 3-12. PBP-type TE % 2 — N § 3 LGB T 7 7 A & —

EEBGEIG T2 7 A % — L HE & N % fEI % K, PBP-type TE % 2 — F 3 2 8{n T 2 %
TR L7z,
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RIT, f$5 47z PBP-type TE O 7 I/ BEELHITEH % b & I RAMMHT % 1T > 7= (Figure 3-
13), % OfEH, PBP-type TE 13 Z D F A 4 Vifitins & 2 #4HD % 4 7 (Class 1 PBP-type TE
& Class 11 PBP-type TE) ICHHHTE 2 2 L ABH O 2> & 725 7z, Class I PBP-type TE (%, filifit
FAAvTH2PBP F A4 VDIZHIT C KIHIC lipocalin F A4 % L, NRPS 2> b fliir
L CHAET 2 BRILEESRRECH 5, AWTE TR L 72 SutE % Figure 3-12 H1® PBP-type TE (%
42C Class I PBP-type TE IC 0 JH & 415, Class Il PBP-type TE ¥ C KU IC lipocalin F X 4 ¥ %
BEF, /KD TE F A4 v LFEERIC NRPS @ C Kiicile L= ClEET 2R TH
%, Class Il PBP-type TE I & YV A I N2 {LEY) T N E TICHEE - FHERE S 7=
X7\, Z DWW L D20 NRPS-PKS A 7'V v FRIOAESKEIR T2 7 A& —ica—F
INTVEED, RIFFDAELTRIFF N2y b2 EATAIREICNLTHERIL
G % fil i< % 2 ATREME SRR T B,

Mannopeptimycin-like hexapeptide

T
S5% 61076165

©
L, © <}
X-X-5-X-X-X-X-X octapeptide "% > 2 3, 3 5 19 &
o222 280\ 838 Sd N
o o meE a3 | a8y fag A
205088 B3| S8d P NS
2y Q%o nB 0o | Jo@ N, & w2
%, PReE e\ \EE & VeSS
A ¢8|\ 52 = $58 /¢ b’a? $$  VVVVVXTXX nonapepiide
2 TS & )8
Lo TEYN &/ e
2gs 0y, 85, g, xS & O e
665, 0>, ~065. s, & LN
RN & PR o
Osg. 99 O\, BT 6 i @B FXXOT hexapeptide
<63, P L
74, N (AR
52, X 60 e
Gy 20 B BXXXXF hexapeptide
2580, 7% / L S
042579 : 257766355 aed
2725963?@3 2165758
12
274
27685,:52806’ / 2 s .
5¢ 6
2546764085% e
2743157061
2664140399 - 2602339481
2756‘%%’;%5 2603776488
E
7—5@1 il Desotamides/ulleunglycins-like hexapeptide
a&“amjhﬂ ARaS 06" Dsay
26 1?01519 oS &K?t,‘?‘\@ 2634998855
2 B QP 25,
0% AX S 205657
TEEE 19
P8 25540,
256'67 094
X-A-V-AXX-T-X-V-X 7389,
decapeptide
- 26“9559603
205255
2.
4207246 Ampy
2516072920 253,
4
022519, 276635331, %03,
EP5406.9,7 2768516945
£901522082 s
1192EPSET 2515766901
T
26601909 7 13 5. 784
S 703, 53
Lec,lﬁ““" @l 84504, 19929
L
PO =0
v“gﬂ» \\,\«" @nf’
AR 87
T S, 5 S RN 7635,
N o o 23
@““q‘” n $ %, Y85
D N Y
' S AN 3 >
IIFeE lonn'B\ 37 9 \%y &
VLSS ° $E382%w B CRRNE S5,
&8 NNR 2929 % R LSS EN 59,
o & N ©, x] 7 2
§ " §8F £sEBE3H N 223
2 4
T OFIREET Y T 28
& 5 = o,
K2
0.10 .

Figure 3-13.  PBP-type TE D %5748

Class I PBP-type TE % # €1, Class Il PBP-type TE Z#kta C/R L 7z, ¥ 72, ClassI
PBP-type TE Z BLH D~ 7'F FH{R, KUK T I 7 BRTHlZ2MEL 7.

63



Fo N7 Rz b L ICEE ORIHEE & C RinikE O T PBP-type TE Z /38 L 7=
@@mm4®oi%@@%ﬁm%ﬁbtﬁ?ﬁﬁgwﬁﬁﬁ\Wﬁmﬁﬁbt7w;7;
VF%%EC$%®7i/@ﬁ%%ﬁTCt&iﬁ\&ﬁ@%é\$%®%gﬁ%%ﬁ7
2~ 7 F Fsurugamide A-E (8583, CKUfiLeu) LERIRT ARTFF cyclosurt;(g:amide F (10
%%\CX%Ah)T%5tb\RHM\M&LJk%bﬁo%QE%\HWWeTE7
:%—ﬁ\%E@%%ﬁﬁ%w:k%ﬁ%@@ﬁm%ﬁﬁﬁ%é:aﬁ%6#azof ;
%ﬁ%u4~mﬁ%&@m<\%ECX%%%K%LT%@wDAmDLw&Eg%m
ﬁﬁ%@&ﬁEf\DMg%DAmﬁE®ﬁ$ﬁ%§%%ﬁ?é%g%%%?5PMM
TE DB SEET 2 2 LS & 7572, SurE 1% C Kii I D-Arg <° D-Asn 72 &\\@%_&Zpe
BOKET I/ B2EET 28 2BRILT 22 LB TE %R\ (Figure 3-6) ’nk?m“
IRIEEIRE A T % PBP-type TE 2MEEFAET 2 2 L R I L7z, . "

&8 5 g
i1y,
Eg g S 8 & ¢
5 s 5
8+10 Eficfagi g
s % RN N
Y itgeddss g &
. % % i85t ¢
LY S BN NN N
5 %% S §E§ s § & KN 10
% % % % C E8 ¢ 4 4
o e % % G B YO S
% % 3
%, T % 9, % g%% EN 0.1 f?@ éf £
o, %, Ry & % % ¢ el :
>, G ) o, > foo © o7 :
B, Cs % B % 2 L - Q§ SE P
) 9%0 . /{zj % e & ,@pé\'v pr 1«5
Ny, Doy N B : &
@ P, % A&L 5 »;*‘&&“ :
% i ©
26 .N .4/ N N © )
585&6499 %Ch &'P'-‘re O % '@ S &
6 . %ac/ | L L \a‘é%‘*
- S 1@*‘3‘ P )
2; 7 Gap,, 69&66 -
(T # o e
016244, & F = «sz“ﬂ@ J O
- o oA
680
2250
22
L e 81
T s
rose00200 00C

NBRC110028 cluster2 .

2

5453667,

27664
0098 g,
2016135
— 58 1146k,
28751039 Ga00gozgs N
27
6 @ roxcrsise
. DsaJ G L P
648749793 SIDRAFT 0876 1 O
2563686166 M271 46700

2566113898 (0145DRAFT 031
255AUMUQ‘5 D45EDRAFT o
11
2854
32062024 o V

A1 e

252“6551\96““ »
453!
6 s © 1
9884 B“CN & < A
K PO
S =
o
e G@“ﬁ foadfc T
R
@ gt
LRSS
G
o g th 0\‘9.5 3
& & & 4\"\ £
S OSSN
qf JCill § &
SN & G
6 S PN
& & ég”? §§ = ?’
& s SE &
g £ 5
g
g

221011 $60v90029

F. _ N LIy
igure 3-14. FEHOKHER & C KimfkE % b &1 L 7 PBP-type TE D RAFAHT
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PBP-type TE D ZMENT DR R Z b L ic, FEu VEFEOFRE L I EIREOWMEE%21T-
72o SwE L8742 7L — F%EHKT % 101D PBP-type TE (Figure 3-14 D @) % ER L,
KGw % 7zl z 2 v o~ 0 B OB % R H 7z, SEREREO 7 7 22t L7z0 b,
PCR T X VIEMFEOMIE L 7 0 —= v 72T, fffaz 2 v BB 7721 V%
MEEL 7, RKEBEZMHWIERNR v 2O NILY VICk s T 74 =7 4 —fgil%
T272D%, SDS-PAGE iC X W X v 7 H O L ZWEEL 72, % OfEH. 10 fEE D PBP-
type TE ® 5 H, 8§ MTIIHNEZ v X7 EBABEEE D ~BITLz2dbDD, YD 2 i

(NBRC No.15452 & 14988) 3 r[iAME & v o328 & LTS T 2 2 &3 L 7= (Figure
3-15 3 X U Figure 3-16) . LA Z @ 2 FfH D PBP-type TE % SurEissso. SurEjaoss & FEFF 3%,

Scientific name NBRC No. Recombinant protein
Kitasatospora aureofaciens NBRC 12943 X
Streptomyces sp. NBRC 110028 cluster1 X
Streptomyces noursei NBRC 15452 @]
Micromonospora siamensis NBRC 101914 X
Streptomyces scopuliridis — x
Allokutznetia albata NBRC 101910 X
Goodfellowiella coeruleoviolacea NBRC 14988 O
Saccharothrix australiensis NBRC 14444 X
Streptomyces sp. NBRC 110028 cluster2 x
Kibdelosporangium aridum NBRC 14493 X

Figure 3-15. 10 ff%H®D PBP-type TE & % @ n[ix M DR

(kpa) M 1 2

200"

1167

66 T—

~<— SUIE; 55,8 & U SUIE 4045

45—

31—

Figure 3-16. SDS-PAGE IC X % #fH#fa 2 & v/ »% 7 & SurEisss2 & SurEjaoss D AIVAM: A FE DERE

M, & VX 7B 58~ —71—; 1, SurEisss2; 2, SurE 4083

65



SurEisss2 & SurBEuaoss D AR O EE ORI R & CoRuERI T Z 2 . 6 REL/C K p-
Arg & 6 B&EL/C KU D-Tyr TH 5 Z L MBI FIHE#D bR T2 (Figure 3-14), &
W95 Clx. PBP-type TE D EA n FLELRINMEZMGES 2 & & # HIVIC, SurEisaso & SurEjsoss
DARKDIE L 1342 27 % surugamide FHD SNAC FH'EH % invitro EEIGICH WA Z & &
L7zo REBETIE, seco-surugamide B-SNAC (7). seco-surugamide B (DL8DA)-SNAC (21).
seco-surugamide B (DL8DF)-SNAC (26) O 3 f#1D SNAC HE %, SurEisss2 & SurEiaoss @ in
vitro BER ST L, BRALSS D HEST ZWGEE L 72 (Figure 3-17), BEER)GHR % HPLC 12 T
ST L 72455, SurEisssas 3 X OV SurEiaess 1303100 SNAC FH b HET & LTI AR,
BALKOG S L IR RS 42 2 & B S 20 & o> 72, SNAC HE 7 % w7z
& TlE. SurEisssz 13 head-to-tail BRALAR D A % 5 2 72— C. SurE1aoss [$HIK IR D B %
5z 2855 & 725 7= (Figure 3-17a), SNAC #£E 21 # W72 5A& Tlk, MilEE L D head-
to-tail BRILIK D A% 5 2 2455 & 72 o 7= (Figure 3-17b) . SNAC#LE 26 % W 72354 Tl
SurEsss2 13 head-to-tail BR{LAR D & 72 & 3 head-to-side-chain BR{LIATH 5 4 V R 7'F 1 32 B
5.2 72—7C. SurEiaoss IZMKDEAED % 5 2 258 & 72 5 72 (Figure 3-17¢), PBP-type
TE OFEFIC X 0 FOCHESPHMIEREIC A X H 2 D DD, WINORERED AROFLE L 1T K&
Wix b7 I WBES % T 5 SNACHE#Z T ATz, 2D L b, SuEICRS 3 PBP-
type TE 7 7 3 V) — 2P ER G AEEIRE 2 AT 2BEHCTH 2 2 M RB I Lk,
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NH,

NH,

seco-surugamide B-SNAC (7)

o
N

hyd-7. .7 2

7+ SurEysss;

7 + SUrEqgg8

\

T T T T T T
10 11 12 13 14

Retention time [min]

UV absorption at 190 nm
% :

7 only

@
©

NH,

p-Ala

o =, oY H\)OLS\W” o - by
HoN,, AN, AN N S N
PSRPCRESaRER RS
Tow

2

seco-surugamide B (pL8bA)-SNAC (21)

NH,
b) 21 cyc-21
£
= ‘
S s
3 N A
o | N 21 + SUIE;gue,
: J\\——\J
§e] 3
I i
§ ; 21 + SUrEq49gg
: o
® i
5 : L : : : 21 only

[
©
=
S

11 12 13
Retention time [min]
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NH,

7 o
2N, “
! N ! N e N N
H/ﬁ‘r H/ﬁ,r; N H/Y
(o] o (o] o
I/NHZ

seco-surugamide B (oL8pF)-SNAC (26)

hyd-26
©) 26 hyd-26

o isopeptide 32
= .cyc-26
s
o
(o]
% \\ N 26 + SUrE;sys,
c
(@] \/
g 26 + SUrE49gg
Qo
o
:>> J 26 only

—— — —_ - - ¥ —
10 11 12 13 14 [min]

@
©

Retention time [min]

Figure 3-17. SurE15452 & SurE14938 @%E%*Rﬁf@@gﬂz

a) Seco-surugamide B-SNAC (7)% H\> 7z in vitro P32 IS

b) Seco-surugamide B (DL8DA)-SNAC (21)% FH\> 7z in vitro f¢32 X )G

) Seco-surugamide B (DL8DF)-SNAC (26)% Fi\> 7= in vitro 35 S

UVI9Onm iIC BT 27 v~ 77 L% LT, 7. BEERKISTAER L 72 head-to-tail
BLIR, B Xk fEE Zh 2 Teye), LU Thyd| &FEL 7%,
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FNET MG & ER

1. B=HOFLdD

RECIE, B FICTHEE L 228~ 7 F FERUEES SwE ICER% Y T, HE D SNAC
B ATz in vitro BERIOGEAT 9 T & T, ABEROIEERIEZ LU D & L - BRRefdbT
AT o 72 FEE OWAREREE O R % Z 02 WA KR U 72 508 % B 3 RS 1
% LT, SwE ORE C KR p-7 I/ BO@EIRME L . NoRin L-7 2 7 B@EREZ 5 2 Ly
KRB ~T 1 % 7NV IRERTD head-to-tail BRALSIG % FEIRAIC il 42 ~ 7' F FERAL
METHEZLZHLNIC L, $72, HEDT 7=V AF ¥ =V 7 ORI 5, SwE &
HERCAINF KRS L CREARBRMA2 R T 2 L3RRI, /2, SwE E&E&Ew
BUKEEE Y C RInICEDREE2 b cE vk L, E C R ICH L T—& 0i#iR
MWaTT T BRI L CEAFAIRTFATOHRTH Y, Z0HBEIEF AT
TUMCREZI NIRRT EXPL & o7z,

5, Eido SwE OREEREOBKIEIC A SwE O &€ v 7% (PBP-type TE) O
R ZNOBROIEEIMEOMAE 21T o 72, ANAES v 7B L TR LN 2 fiA
@ PBP-type TE. SurEisss2 & SurE4ess IC X L T surugamide B OECH| % & & ICEEE L 72 3 ffi%H
D SNAC BB Z W 7-ERIGETo7-8 25, &b 5D PBP-type TE b AR DIE & %
B RRDZT I BEYITH 51T H 20b b T EALSIGC KD RSOG % i L 72, T o
e b, SwE ICfRS 3 PBP-type TE k4, WA LRLEERELE T2 <7 F FER{LEE
K771V —THB I LHPMIRBRINT, KEDHFRICLY, SwEZT LU & L7 PBP-
type TE 7 7 3 U —ORWELEEERMEO Iz Ho i L, KEER 7 7 1Y — ARl
L CORMMREEZ IR T 5 2 L BT &,

2. SurE ORE C RIpRIERIEICBE 3 2 E%

RETOEERICX D, SwE PEEMRIFHDO~T 0 F 7 VIR TD head-to-tail BRAVX
JOREIRIICHE S 2 <~ 7' F FERILBER CTH 2 2 Lot e o7z, SwE ICX 27 F
FEALSICOHEST 3 5 72 @ 1cid. Z DFE CKIGIC 0-7 I Ve R T2 MEBH 55,
iE SwE LM% R T PBP 28, CRIGIC D-7 I VA EH T 2HE (p-Ala-p-Ala) %%
RIICERERT 5 2 & & —8F %, PBP OHE C Kl 0-7 I /7 WHZERIE X, BEHK AT O
JET AL 2 B ORIEIC X O RS B BUKMER 7 v M IciRET 5 2 &3, PBP 7 7
1Y —CJ@3 % Bacillus cereus HKDFHALIEESE ADP (Alkaline D-Peptidase) Dl i & 51
BALEZ W IRIC X DRI TW S 9, 2015 . BILRIZKFDRELE S O
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IN—T7IPBP D 1 HiTH S ADP ICEH L. X#HimEE (PBPID: 4Y7P) & ZALiCHD
CFPyFdvrviab—vavickh, B8 C Rinf&kEo p-7 1/ BERMEZ IS 221
toMm@%g%ﬁﬁbt?F?&f?Fmﬂ@4k%®qﬁ%%gfﬁé@ﬂ@rm
Phe); % ADP ORGSR v Mic Ky ¥ v 7L, TYAFF—ThHHHE C K 2 Lo
D-Phe, X UF L-Phe & A% HL & O RN, BUKKIMHANER % @t L 72 (Figure 3-18), % @
fEF. (D-Phe)s ZHE & L 72858 Tl p-Phe MR ESI G5 I FIE§ 2 BUKMER 7 v b iC
MRS, BOKMEMAEER. #ENHEAER. 3X077 v TA 7=V 2ICERT % o -
T AZ Yy XV L X VRENEZIT DL RE I (Figure 3-18a), £ D—/ T, epi
RILE (L-Phe)-(D-Phe), D L-Phe DA TIE, ZNOMHAFHICK 2 A F—l3Em %
Y. EOARERIRTMEL L 5 Z L3RBT (Figure3-18b), L 7-%3> T, PBP
CHEERER I NS 013, 2 OHEE CHEIED p-7 1/ B{IFHA PBP OBUKER T v T
I E N, RELEZ T BLERH B ERARBIN, ZOfEED S, SurE b ADP &
Rk, MR LD 7 1 ) BERIL TR S N B BUKER 7 v + L oMEFERICE Y C XK
SD-7 2 BBEREZ L C WA EEERE 2 b N D,

S P\ A4 1.2 keal/mol
1 N -1.2 kcal/mo

T A M245
-1.8 kcal/mol

Y132

-1.3 kcal/mol
o

T133

-2.8 kcal/mol

[

Nakano, S. et al. Structural and computational analysis of peptide recognition mechanism of class-C type penicillin
binding protein, alkaline D-peptidase from Bacillus cereus DF4-B. Sci. Rep. 5, 13836 (2015) X Y 5|

Figure 3-18. (D-Phe)s 55 & U8 (L-Phe)-(D-Phe), & ADPD F v ¥ v 7y 32l —va v

a) (D-Phe)s & ADPOFy X vy Ial—vav
b) (L-Phe)-(D-Phe) & ADPD F v ¥ vy Ial—vav
BEREE L OMBEEHICK 2 RT vy v LI AL F—% IR L 72,
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2020 4F, HURY O PEARIISEAE . FREMRIEE & OFENFEIC L D SwE O X #Rik il
EDHS 2> & 72 o 72 (Figure 3-19a, PDB: 6KSU), SurE 13 2 2D % 7 F X A4 v 5 LA X 41,
N AREHANC X PBP & #H[EE% 7R3 PBP F A A4 v (B 1-350). C Rl 1% lipocalin & #H
[F1% % 7R 3 lipocalin N X A4 v (3K 368-451) ZH T %, £/2. THH20D0% TP A4V
X, XY N7 EBRICHEET S 17 BRERD ) v — (GRE 351-367) Ic X hER T T
%, DALIserver®® %\ CHEEHBIEEZ MR L7z & 2 A, SwE . Klebsiella aerogenes H
KD AmpC p-lactamase ¥ (PDB: 5F1F, RMSD for Ca-atoms: 2.8 A, AAid: 23%). Pseudomonas
aeruginosa K @ Class C f-lactamase 8 (PDB: 4GZB, RMSD for Co-atoms: 2.8 A, AAid: 23%).
¥ &L O Bacillus cereus HH>K @ alkaline D-peptidease ADP 7 (PDB: 4Y 7P, RMSD for Ca-atoms: 3.0
A, AAid: 27%) & &R 2R3 2 L S S 2 & 7 o 72 (Figure 3-19b), ¥ 7-. SurE O
FROCICBED 5 & X B il 4 7FH (Ser63. Lys66. Asnl56. His305) (&, LFi® PBP @
SR & FIRR O OLE ISR ISR AF S T 7z (Figure 3-19¢),

PBP domain
(residue 1-350)

S\_, Lipocalin domain
) 3 § (residue 368-451)

Linker
(residue 351-367)

PBP domain of SurE

Figure 3-19. SurE @ X i St & it
a) SurE O kR b) SurE @ PBP K A 4 v & ADP ORSEFELIE  ¢) SurE O filit 4 5%
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SwE OFE CRUERFRILICHN T2 p-7 I 7 BEEREICOWTHRA 21§ 57201, EHE L
SutE @ apo AD X ffE G 2 W T 7 F F—BREAEKE T A ZER L, <7F Fh
RO L ERMEET R ZIT 0 72, AFEETIE, G X b ZHIRT 2 7201c, SwE DiFEHE
3 Ser63 205 8 ALANOEILICK Y . 2o, BT 2HE D RETIRACEE C KiioA
%R L 72 N-formyl p-Leu % I\ CEME %2 FEfi L 72 (Figure 3-20), ~ 7 F FHEH{ADLE
FCHERHR % 1T o 72 A5, FEE p-Leu DHISH X, SurE D Al liEFRIEL Ser63 I 65 I (i 3 % Ala227,
Leu231, Ala232, Ala234, Gly235. Ala308. Val309 IC X W JER & L 2 BUKER 7 v FHIC
AN v, BUKMAMAHEAERIC X D REEZZ T 5 2 LB X L7z (Figure 3-20 1 Ok ),
¥/, HEOFRL IVEIE, SwE D lipocalin F A 4 v HUCIEET 5 Argdd6 OIIFH N, JH T
ICX VTN B C L ARB I N,

Z D77 T, epiffTH % N-formyl L-Leu % V> T L5 & [FFRIC~ 7' F Frhfik o L ER
JERHEE T 72 & 24, L-Leu DIHIZBUKYER 7 v b L3O AICHLE L, REARK
ETNDRT VY ¥ LT FNF =, N-formyl p-Leu ZffifH L 72K & b~ T 30 kJ/mol 15 <
52 EDHL DL 7572 (Figure 3-20 Ho AL vy ), 2D &b, SwE OFEEKR
JGICEBWTIE, B C RO M 2 T 28UKER 7 v b BL U AR = E%
Wik 5 Argdd6 O ZERIECE S, HE CRIED p-7 I/ BERMEICH G L T 5 Z LAUR
XN,

Hydrophobic pocket

Ala227 Gly235
Leu231 Ala308
Ala232 Val309
Ala234

@ Calculation

g o
~<2:o 0
H
0
H

N NH

o=

H

N-formyl b-Leu  N-formyl L-Leu

Figure 3-20. N-formyl p-Leu ¥ & U8 N-formyl L-Leu & SurE & O EGERE TV O & E B
N-formyl D-Leu % #k €, N-formyl L-Leu % 4 L v VTR L 72,
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ZDFER%E D LI, Figure 3-6 DFEERTHH S 221272 - 72 SwE OFE C KimhkFs iRt %
H%29 %, SwE I3 D-Leu, D-Phe % D-Ser % C KU iC & H T 5 SNAC FE IH L TERALIIE
T 205, THUTEYHE C RInRIEOMIH RS OBUKMER 7 v M ickiE ., B
ELCR#EInNs-oThreFE2LNSE, /7T, llIHZH IR\ CKim Gly oRVE T
. BUKMERT v Mic X3 RENEZ T TREERBI NV zo, BULRIGHHETT L 722>
ot EFEZOND, T, HBIEIKE L F ﬁ%ﬁ?%aAg%ﬁ%wﬁm&%%f%
% D-Asn ICBIL T3, LiLEFEER BUKERT v M S T LRENEZZ TR V72D
BALRISDHET L e o db D FEzx b b, 5%, LR CRonzMMExd LicLid
B R AE 21T 9 T & T HE C R 0 IR % 1R U 72 SwiE 28 SR D IE1S A3 HA
ffghs,

3. SurB D ILEELHINER IR 2 BRI IC B 2 H 5

AREED Figure 3-5 ICT{To72 SNACHE DT 7=V 2 ¥ ¥ = v V7 OEHHERD L, SwE
FFLERCHI AR ORIL I L CEAEREZE T2 AR E i, £2 T, SwE O

HEIINEOBRETBC OV TR EZG 2L, RTF FEERHEAE L T ARWIRED
apo R D SurE & ~7'F FERE DS LIZIREED holo hd SwE RE—BEHREAKR) o X
Rt G 2 2 2 LK L 72 (Figure 3-21), 7235, holo tA® SwrE ICH T, #HFFX
N7=_TF PHOBTEENAYPECTH 572720, #ARECTCDOa Yy 732 -2 a vk
EICEE-> TRV, 2070, M IIIE 2 EFH B & L7z C K p-Leu D &
ZIRL T3, apotkl holo KD SurE O IARKEE % LB L 72455, SurE OIGER T v bk
BHICHETE T 2 23 BB D B 75 5 0 — 7 (BHE 206-228) 23, holo fA®D SurE IC BT I3
THEENEE LT, Z ORI TH 5 His225 & Met226 75 SurE O it LIcr+ % <
RS DL IR o7z, TORR ERED N — THEELIMNC apo 1R & holo PR TILAREE VIR ¥
CEALL ZBRALIE RZ T b iedh o 7es AN — TGO RHZFICE T 2R X b ICFE
TN 2 720, v— TG 2T % His225 % Ala~ & & L 722 54K SurE (H225A) %
EHC L. seco-surugamide B-SNAC % FH\» C KCHE BEmfiddT % 17 - 7= (Figure 3-22), % @
fEH. SurE (H225A) # W 72356 T3, Knfl2S SwE (WT) & RIZEDEZ R L 72—J7 Ty kea
1% SurE (WT) L RT3 FIREIRT T2 2ot oz, 2O ERL, L—T
g (AL 206-228) (3. BAYIOREZBMOKMICB G T 20 Clidkel, FRE—MEEA
KERL7ZO0bDEEDa vy 7 3 A= a VHlfENICBES L Tw3 2 ERARBEI N, L
Te 3o T, A — T & EPEWNERECH O AH AAEM 23 SurE DBUIGICEE TH 5 Z & 23
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Exoh, Gk, A— TGN L LRRE Xy, BLihEzm L L 72 SwE %
REDEGBIRF I N5,

Loop
(Residue 206-228 ) 9

<

Figure 3-21. apo {& SurE & holo {4 SwE O E&bE

apo & SurE (PDB ID: 6KSU) @ Loop ffigi (Bkk 206-228) % ifktaTm L 7z,
holo f& SurE (PDB ID: 6KSV) ® Loop fi& (5% 206-228) % H TR L 7z,

SurE (WT) : seco-surugamide B-SNAC SurkE (H225A) : seco-surugamide B-SNAC

T T T 2 T T T

= —
E £
= L i =
=z ¢ 3
Qo ©
e T T 7
5 Keat (min™") 15.7+0.6 Tg;
> o

o K—n(].I,M) 1524+45 O 5L kcat(mn ) 55+04 |

2 - -

KeatlKn (M's™) 1715 K (uM) 214.1£105
Keat/Km (M's™) 429
1 1 1 1 1 0 1 | | 1
0 100 200 300 400 500 0 100 200 300 400 500
[S] (uM) [S] (uM)

Figure 3-22. SurE (H225A) % %0K o [ 638 5wy fgir

FE1C SurE (WT) & SNAC #E, #51C SurE (H225A) & SNAC HE % F\» 72 B S G
FERRIIRAT DAERZ R L 72,
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HPUEE  Head-to-tail BIBRIR <~ 7°F F ORI P b — B E A E O BF

B AREOHB

B E COMFEIC T, NRPS AARKICE T 28~ 7 F FER(LEESR SwE % [FE L.
SNAC HH % Fl V72 BEREMRITIC X 0 . AR O BELEREO e L 2 c Lz, HA R
FEGERMERH T2 Ll 2 SwE ., ZorT o VR ERAEL e LCRIAT 2 C
& T, (RO HE A TIED R R 2 M3 2 201 CREFAMNE O/ VWER~ 75 F &
R DML AR T & %,

—777C. SurE DHEREMNT % D 5 TR D TR IC T 72 BHYE R A3 { D7 &
FEY &7 ot, BT, in vitro BEFESIGICH 2 SNAC BE LA EMECH 2 miHs
2o (Figure 4-1), SNAC HE 1358, BEMHGKTRZ~X7F F#HO C Kz,
HGHRIEACCFATZZATAT 2L THERTE 2, L LA, TORRIC C Rinki
DI A VLDETT 5720, KiEAPEEEK TR R INE, 6T, H 7 LIRF
MO WY T AT LA ~—REW%E HPLC T - B8l 2 L5235 % 728, HPLC D5
PEMETICI R 2 53 2, 2o X 5 iC, SNAC EE DL PEAEKICIZS KAk L 97 255
57:8%, T TICHGEES 7z SNAC HE O IZIFFE ICBUER TH b . SwE OB ER
PO REMBIHERERRIC B o7, T HIC, BARBEEERELH T 5 SwE 2T~
7F FELLREZSELTE 2L LTH, ZOHIBERETH 5 SNAC HE DL AR A IER
KTl Ao R T THE?K S,

Z CCREDIHETIE, FEV AR Y —L_TF FE{CBEEOMBFIHZ HigT ETcRE X
R Ay 7 THoz SNAC HEHOGHEZ LR L, SINED D EfiE e Ic SR A E
I CE 2 ABGEOBFRICE T L7z, (Figure 4-2a), ¥ 7-. BIF L 72 HE A& RGE
RERE L CEBOBMRICEE Z AR L, SurE OREEIRME 2 MM ICREE S % 2 & T,
ABEFRDORTF FELAE L L CoFMMEAMEEST 2 2 L ZHIE L 7z (Figure 4-2b), L3t
DODHMWZFEKT 5 T & T, head-to-tail ERIR~TF F ORRN L —BEANA 7V v F
ARGEREB L, BIRRTF FORR T — AV ERZTTHABRRTF VY IA4 T 7Y —0D
Bl 7 e, ~7F VAR TICH RECHMTE 2D LeEZX NS, /2. AWFIC
LY SHOMFRKICEE % BFE I cE 2 X 5 icanid, SwE 0A%RLTHLR<7F
FERURESR DBERERENT 23— ICHE A . Z L OB & AR Rl & L CICH 3 2 iFgE 03—
T EnMFE NG,
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@4

Solid-phase
peptide synthesis

PG\
H

Figure 4-1. SNAC B Ot F#ERIC

a) HREE 0NN EMIEDOFHFE
EEEREICE Y TEDHKES
% BRI O S HE TRIEICftE

TR\
&
~R7F FEHREHK

@

E18 & At s

Figure 4-2. AKFEDWIFEHIT

Inefficient process

B &

Epimerization

o
SNAC A g~ NHAc A g~ NHAC
HS/\,NHAC
——
Coupling reagent Deprotection
HPLC-purification
SN HN
H 2
Low yield
Epimers
| —
I M T
10 15
Retention time (min)
2 Time-consuming purification step

b) SurEDEEERE D BERET

LHOEZ AT, SUED 4L
fhiE e L COBERBMEAE FEMICIREE

LG

Leaving group P
RS N
—
Head-to-tail&¢
HoN SurkE . . N
SR EE BIRRTFF
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BT VA — B OB LG

B BT H 5 $HIRFEE 08B A& L DT (Figure 4-2a) ICEFT21CH72 0,
SNAC FHE DL EABRICE T 2 REAICOWTHEER T 5, SNAC FEH OfL2EA R TR
AL 725 _7F N C RKimikkoo = v 2 V{LIZ, SNAC DHfFGE SIS E &K DK ITIT 5
TlTHIERECING, o X VUKL, BRIR<TF Fofb e aic Lid LIiIdiE
&% C RKiAE O = v 2 VA & FRRD ROSHEREIC X D EHHE NS (Figure 1-2), 3 72b
b, e ZHAC TR 7 F F2EE 2T e LB, D FHNOBERTIC X 53k
BHKEBEICXY 5 BRTXZ7 27 by BBREI N, i TXZ 27 bvoliza - H7 o
FALDSEEC 2 2 T o (DR R L 72 AR BEMEREK T 5, Lo T, Bk
HEOMBENEBE LT 2 1Chzo Tt Kb chEL 2 5 BRET X727 b VB
DL H L T Z 5,

—7J7C. FmocEHEGERGETHRMAINS 1EREZ D7 I FMURIER. depsipeptide DL
AR TERAINZEME ETOZ X T AMERICDERICIE, ERED & 5z v x V{LIZfE L
725720 8.9 (Figure 4-3), 4L, iS22 /RAB =7 F F#HTIE7% <, Fmoc 7 I /
BMCchHs720THs, $72bb, Fmoc 7 I /EED A1)V A — MEERL O ARIERTICX Y,
MBERT FOBTHIERTEAT 272010, HTHOTEET 2T L~ KB 5] X 41,
SERTAZ7 P PR INICLS 22 bTHL, 2O erb, SNACOREL LS
Wiz i 2 B 0 K Clid e . BEHARO TR ICHoPLDEALTEHE, £
CERESE LT Fmoc EMHAKZICX VT I V% | BESOMET s L8 TE NI, C
KO T v A VLRI TR HRREEZAKTE 2 &2 5N 5 (Figure 4-4),
Thbb, Bl EHABEIEICHEE L7205, CRIGD Fmoe 7 2/ B % BiBEE 2 /v L
THEIIEICHFFT 2, Z D%, Fmoc EHABIEIC X W4 7 I 7 W% HE LEMEER~ 75
FelL7zob, mgIcEiigs» oot b L LHIBEOBiRELTTS < & T, $IREE % AL
TEDEERT,

SEET X5 b
HIRA— b RER s g

(Fmoc# &) N I XY HnE
/’S 7 I"ﬂf,
R

oiﬁr% Qe Lo T L -Q0007 @
o |° o N °
+ QD @

Nu = NH, BB &R
OH
Loy

Figure 4-3. =t X VL Z ML 7z~ 7 F MR G
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i T X YEh s
Fmoci»ndkOH

RiagE Fmoc7 X /B o
cl' —>‘ - BB ‘ - Fmocfﬂ{)k Bt B ‘
Eeam  SHEE O CRIBL OB
(2-CT resin) RS D33
0 o R7F FEREH
Rita BisiBg
B iRsE
R S
HN MREE PG\N

Figure 4-4. AWIRICH 1T 2 HIREEH O AR A F — 4

FREOEEEKEICTHA T 2 Bt R 1, O2-CTHEHE & A& 2K T 2 RICHEE
RREZETLZL, BIXUTQZATAES, DL FFAZRTAEAEDBKICL Y =T
FNEAEECE A RCHEREAET 2L, D2 e THERD S, £3 OICH
LT, 73 vDX s G ERIEZ A LT 2-CTRE & HERE 2L =54, Gk
BIC~7F FEHZENE2 50 B R WAlREERZE A b N7z, £ 2T, MEETOTF
DOREESTRETH 2 L E 2 LN D b Fu o e RIGHEEREL L ORER L2, Ric®@
CBL T, FAZRTAREEEN L TATF FHEEE L 256, BRI X 5 Fmoc
RELDOBREDOERIC, F4 T X T AHEA DS EIR YW & H I O IR T %43 < AlEE
WHEZ LN, XD, FAZZATAMELY DRERIATAMEENLTXTF
F#xERs T2 L, Do b2z, BEPIC 2 20 VX e fFT5
D E BEERL R & L CGEIRL 72 (Figure 4-5)

oV BrREE —on
RT7FFEHEHBHEES LN J L EtR & RiilE & AR EETK
TaHobrFoxoE TaHoerFoxTE

Figure 4-5. Wi o fefdi o+
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MEHRIC 2 20 FrF U RAFT 20 T3 BEICHEST 5, £ T, SNAC oftEe
B R O EW D T2 EBET HICHZY, UTICRT 4 205K E2HREL -
(Figure 4-6), 1 DHOEMZ. HEEHICE Fux oz 2 00RE L, »oftic KGH
BREZAI RV FTHEIL] THE, e FuF g 3 oL & LT RIG
WEREZEEE T 202 HvizgE. (ERERCE £ REIRISHE U HIEE D IX
AR T A G U EE D I R TR S B 2 b, 2 DHOEMF. [RFED
TTHBTL] THD, e Fuxi i 2 200AFTEHTTHoTH, WHMEZH S &
WEAICIE ERC S ARSI E R R R R UL IERIE T 2 AREAE b S, 3 OH
DEMIE. [REeICEN, D ORMMIC AFARESTTHEI L] TH D, EEMED
ERICAFCRI—F L) 74 OBSEEETH Y, [Ficd ) [&oTdh ] [fiHic
[EBER L | FIHRER FERTH L ko bohd 9, Zokzw, ZaelichEss
» o1tz v 86a, FERLE BIE S LR RfEEEIC 2 2 AlREMEDSE 2
bNbd, 4 DHDOFEM L, [SwE KBRS NS il chs L] TH5, Kic, k
ROSM 13 23 _CiiZz LT 2RE L. BRRICEE Z8RNIcGRTEL LT
b, < SwE I X BBUIED 5 F ST L R T IVEARBERIEER S i, L7z - T,
EEmHEEEH T2 0o b EE 2 R Tl R RkoliifiiEcd 5
SNAC DAL MG ICFRE R IR D AL 720 F 2RI 3 2 2 L 3 L,
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(SR FO*SBE2O0BE L, AOBICRISHEREEESLLAT] THHTLE

@
) £ {5
OH @*ﬁﬁ“ﬁﬁmﬂg HO™ \NHQ rOH
[ @ BiEAR  ERMEEOEH
Ho” “wh,  BEEAOIES rOH HO™ \H' BB (IRFETF - rREEE)
.. BRREE
EFAXPRZ2O0HBFTEIH ‘O/ “NH,

fthORISHEEEEZTTH9F

[HIFOHT] THETE

T 4
6 & Rt R

CI‘

Ho— B8l - B182 —on

| HENOER o g Bm o @ Lan
EFAFIEEZ2DODHR
BT 3 HIEREEDR T
[RMIEN, AORBIAETHEENT] THHTLE
B %)
HO— —OH A—HYEVT 1 DEEHLRE
BB E B E ST
[SUERERBE NS SHBENT] THEIL
(0]
REN 25
B B4R A RiAS o-
@ EARA R
HO— —OH
B~ B
EEEE, £ EE BiiREE
2B AT 55T N
HREHE
Figure 4-6. {54701 D% E S
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ﬂo, &1 - 182 —oH

H,N

BEEOBEASUEN,RLD
fEREEDER

—OH

SUE | mpRmAETL AL



IE 4 o0 iiE 2. UTICRT 4 DO YA — 15T (ethylene glycol, 1,3-
propanediol, 1,4-butanediol, diethylene glycol) % MiBfEFLfstd & L CEE L 72 (Figure 4-7),
chsELTRL, BRI 2 o0 FrE v oA H L, SNAC &L 72 Bl i
Ex LY, 2OREX N —DORZMICKBICAFT LI LN TE L9 TTH S,

HO\/\OH HO.__~_OH HO\/\/\OH HO\/\O/\/OH

Ethylene glycol 1,3-Propanediol 1,4-Butanediol Diethylene glycol

Figure 4-7. #E L 7z 4 HDO A — 1531
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BEA A A FE DA E invitro BEE D

HiffiOEGHKE, BIOEE L2 4 HEHO U A — 7% b L ICBIRIVE o2&
BOEDORFEICET LTz, AR Tld, I H®IC SwE AKDIE TH 5 surugamide B DER
LRiBE A2 € 7 A BCH & L CHRETE AR 2R A7z, AKAF — 22U FICRT

(Figure 4-8), 7x35. Figure 4-8 T(Ifjl& L T ethylene glycol Z# W 72RO AKA F — 2.0
BERLTVER, o 3 BEO VA —ANTFIcE T HRKO AR F — A CTHREARK
#{To72, 3. L DIPEA % H\> T ethylene glycol % 2-CT ffICiHfF L7z, % D&,
DIC 3 X ' DMAP % i\ T C AR O T 2 7 AL 21T, FEERE 7 3 18 33 #1972,
Z D%, Fmoc BEHGHIRIC X VAT I/ keffRs 2 2 &<, EHBER~<7FF 34 &
L7z, mfziC, TFA ICX 2 <7'F FHHOBEL O DY) h HI L L HISHDOBifREZ 1T 5 & T,
~ 7' F N C KU I ethylene glycol % #fi ¢ L 7z B3 R IGHH seco-surugamide B-ethylene glycol
(35) & 137z,

Solid-phase
q peptide synthesis
Loading rate:
HO
~"oH . 0.68 mmolig c—
Ethylene glycol Emoc-p-Leu : (ULLLLITIIN
) ——— "N @ ———— FmocHN/WO\/\OA. e
. DIPEA, DCM DIC, DMAP i 1. piperidine, DMF L@
2-CT resin 33 2. N-Fmoc (or Boc) amino acid

DIC, Oxyma, DMF

® = O\z/H 05:;(“ o )\ A MO TIS 5\(
. SN, 2 = » H,0, BocHN, N o
HZN(iL”/TN/ H/TN%H ON H/TO\/\OH — riL Wrik W Jk | W ~ o
L NHBoc

Peptide precipitation

NH,

seco-surugamide B-ethylene glycol (SB-EG) (35) Resin-bound peptide (34)
Isolated yield 82.8% (15 steps from 33)

Figure 4-8. ¥4 — 72 AH L - 8IREE O AR ¥ — 4

T TR ELT - -0 b OMKEEY % LC-MS IS Tl L7z #5 %, HEVEE 35 285&0»
MECHoN L 2R L7 (Figure4-9), Z 0%, HPLCIC X 2 fERZ{TH 2L T, &K
L% #UEE 82.8% (15 steps from 33) CTfF7z, Figure 2-7 T/ L 721k COMiA KIS %
FIH 3% SNAC B (seco-surugamide B-SNAC) DA INESD 30.0% TH 5 Z & kAR D
&L ARFETIRHIESRIEICH EL2C iTMa, 7 BRIz 7R R R o Y % 5 2
e iz FEFHEIC 222 2 FRE KIS ICHIK X iz,

1,3-Propanediol, 1,4-butanediol, diethylene glycol 2% C KimlCHaer L =8 RILEHICBIL T,
ethylene glycol & [Alff Figure 4-8 ISR T KA ¥ — L TILFEAK L. 2N ZNDEINEE
HH L7z, ZOf5H, 1,3-propanediol, 1,4-butanediol, diethylene glycol % C K4 ICHiA L 7=
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FE OBINEIZZ NZ N 39.0%. 34.0%. 45.8%&E 72D, WTFNOEA D ethylene glycol D
AL L CTIEESRIBICE T 5 2 /551 & 7o 72,

D EDFERD S, aHFHDO YA =0T D 5 bixdEdEs i/ ethylene glycol % [EFH G
JACHHAA T 2 & T, BERRICEE %2 @ W 2o m WIGE CFli# © & 2 H G HGE & i
VL 7o, MARETIE, FEE 35 % SB-EG (seco-surugamide B-ethylene glycol) & MEFRS 2%,

Column: COSMOSIL 5C;5 MS-II

c
5 i .
= E Mobile phase:
B cE Solvent peak 10-90 % gra MeCN+0.05 % TFA
oo Flow: 0.2 ml/min
29
©
= ® 35
> A\
0 5 10 15

Retention time [min]

Figure 4-9. JLE 35 OMIAFHY O LC-MS fiFhT

Ric, LA L 7z SB-EG & fl#fs 2 55 SwrE % F\ T in vitro BERRIG AT\ AIHE
AT % SurE OBMLIEHEZFHEI L 72, & & Tt EOME cRE % R T & 2 KA IED
FlpikiGo L. ARdthE 2 5010 H L 72 SB-EG O MIKEHEY) % HPLC Kl 2 b &<, K&
% SurE @ in vitro B )GICHE L 72, Figure 4-10 1278 R IC TR MG 2 TR L 72 D
b FBhEF T, KhC 2 BHCE €7, 20k, BRICIRICEHERED MeOH Z M A T
itk 7 v F Lizob, 1F6N7RAK%Z HPLC IC T/ L7 (Figure 4-11), % DfEH,
SB-EG (35) 2SMERMKAFMIICTHA L, BRILIR surugamide B (2) ~EEMICEIN L Z &
DO DT o 70, Trds, BERRIFINICA R L 72 BRMLIR 2 DILAEE X MSMS 12 X 5 <7
FR7 77X MEFICX > THRELZ (p. 236, Figure $10),

RIC SB-EG 1CX3 2 SurE DEALIEM:Z FEMllICRREL S 2 720, RICHE LRI AT 21T -
7= (Figure 4-12), % OFEHR, KHEKGICE T 2 HERN ST A — X —kes K B IO
keal Kn DI, ZZ 446102 min~', 660.2%541.3 uM, 116 M's' & 7z > 7=, Figure 3-22
T8 L7z SNAC BE O SOSE RN ORGSR & L TR ¥ T A — % — DHIZEET
L7cd DD, SwE 34K B MR EH T 28R~ 7F V2 EH & L CGEL. REF
RE(LIEEZ R T S L BHL L o 72,

PLEDFERD & ethylene glycol Z W72 EH A E L SwE OB{LRIGE M AGDE S
T &T, BIRTF P2 AT b BICH T CREIEEL b T FicmiEr o
A CHKRTE 2L — RN A 7V v FAKEZMEL L7z, Uk, =75 Vi C Kig
IZ ethylene glycol % iy L 72 $HKH'E % EG (Ethylene glycol) FE & M-F73 2%,
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Reaction conditions

20 mM Tris-HCI pH 8.0
200 uM SB-EG (35)

10 uM SurE

H,O up to 100 yL

rt,2h

!

HPLC analysis
Figure 4-10. SB-EG & SurE @ in vitro B3 )6 D ]G5

(o]
NH HN
O NH
HaN.,, —> )\\INH
o) H 5 Yy O§Z\/H
O =
o N
SB-EG (35) s NH,
(crude) surugamide B (2)
Solvent peak
—
IS
c
N
E ‘A 35 (crude) + SurE
i)
= 35
(%]
o
[
5
35 (crude) only
0 4 8

12 16 20
Retention time [min]

Figure 4-11. In vitro I35 )& @ HPLC 73 #T

SB-EG X SurE

SB-SNAC x Surk

Kcat (min'l) 15.7+0.6
Km(UM)  152.4%45
keat/Km (M'ls'l) 1715

Kcat (min'l) 46+*0.2
Km(UM)  660.2£41.3
kcat/Km (M‘lS‘l) 116

Cyclization rate (UM/min)

0 200 400 600 800 1000

[s] ™)
Figure 4-12. SB-EG % FH > 72 [ 35 SIS D SO BE R i) f b
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VUL EG EH % 72 SurE D HELER M o M5 A AT

H =D SNACHE % 72 invitro IEFR RGO FEERIC X 0 . SurE o HB A Ui S 56 1< 0t
T2 AGERE & BAINER IS 3 2 BERIELEIRE O —ii 03 5 5> & 7 o 7= (Figure 3-5 35 X U°
Figure 3-6), L2>L7&230, WINDOHAED SNAC HE DL FEROEH < 225, FHEC
EZRE OB - HHEICIZRY 25 Y. SwE OIEERED 2BMIICIIE > Tk, —
77T, REDFHVUHEITIZZAMIC AT RIEE 7 ethylene glycol % F > 72 SR FELE O %3 & Gk
EHEL L 7zo RFETIE, IME ORI %2 SIGE 2D m il cfRv[iE<cd Y . HPLC
W A21T5 2 L 7a (1EEE SwE OFRMGICHT 2 2 b3 T& 5, 2 2 ORHEITIE, FFL
= A GE R EE L T8O EG FE USRI A L, SwE ORE RO A M Z H
8L 72,

3. SwE OEE N RGN 3 2 BELERE 2 MEE S 5720, €T VHE TH % SB-EG
D N KU L-lle % 18 FHEHD L-7 I/ BRICHEIL L 72 EG 2 H 36-53 LA L. HEEY %
SurE @D invitro BEFRIIGICHE L 72, a3, S8 L 72 EG BAH 36-53 DLAAFEE X MS/MS i€ X
LRTF N7 77 A MEITICK o THRE L7 (pp. 237-255, Figure S11-S46), 72, N K
SifiAS L-Cys TH 2 EG FEICBIL T in vitro BERKIE DB BERAEW DS 7 MIRICHE 0
HPLC 73 sWEECH o 72720 AL TIIFEREICDFERIFE VT2, EG BH 36-53 &
FHA 2 SurE OIS % Figure 4-10 (S~ 374 AIC TR L. RS T, KT 2 K[
FOGE 2, BoN=BEKIGH % HPLC ICCTHHM L 7= (Figure 4-13a 3 X U° pp. 226-228,
Figure S4), Hiifiic EG &EH OZLHa# % /R L, head-to-tail B KIE N EIT L 7285 & %2 AL v
YT, BH C KD T R T AE DMK RSOGO EST L 72856 % HE TR Lz, BERK
JOIR & ST U 72 . NoRURIC L-Arg % L-Glu, 5247 I v %2 F T % L-Pro 2 &L EGHH
44, 50. 53 ZH WG EICIE, KD BRRICHERICET L2200, 2o <To
EG B VH 13 E B IC head-to-tail BRALIA~ L LI 2 Z L L T o e, B, R
JGIT &0 4R U 7B UE S X OMUK R DAL ERGE IE MSMSIC K B2~ 7 F V7 5 7 & v b
FRNTIC X - CTHRIE L7z (pp.237-255, Figure $12-S47), & OfER A 6, SurE 13 HE N Kk
o L CREAREREZE T2 2 e pHL 2 L oz,

KT, EEHI NI 3 2 FRAEGE IR & SHIREIREZ T~ 2720, SB-EG D 6 JRE:
(DAla2-LIle3-DVal4-LLys5-L1le6-DPhe7) % . Figure 4-13b (7~ 3° PEG #&Hk 2-[2-[2-(Fmoc-

4

amino)ethoxy]ethoxyJacetic acid (AEEA) ICiEHAL . SR DE 2 7D EG FHE 54-60 %
AHEL L 72, REC L FIBRDEMIC CRER UG Z TV 13D Nz R RIS % HPLC 12 THfT
L 7z (Figure 4-13¢c, d 3 X ¥ p. 229, Figure S5), % O#f5EH., MKMige % L7 & DEIK
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JBEEZFTZ R, TRTOHE CTHERD head-to-tail IR{UIKZ 522 2 L BHL &
o7z, £7-. PEG DEHEDE L 72 21w SwE OBRLIEMEAME T L 7228, BRSO
% 2 K25 12 KEICIER S5 2 & T, X CORERUEA~ LERNICE I N

(Figure 4-14), 7nd, BEREKIGIC L 0 4 U BRUER (LA G MSMS IC X 5 =75 F
777X MENTIC X o THREL 7= (pp. 256-260, Figure S48-S54), Z DFEH 25 SurE %
FCFINER D FRF IS L CEAZEREEZ G L, 5~23 BEMHY ORA WE S 0T %Rk
TXLZLBHL LIRS Tz,

mIT. SurE DHE C Rl i3 2 BRELEIRME 2 BEES % 729, SB-EG @ C Kl p-Leu
% 17D p-T7 3/ F~ LB L 72 EG B 61-77 LA L. MY O £ £ SwE D
BERMIGICHE L 72, P, SELL 72 BG FH 61-77 DL EHHEIX MSMS ICX B2 T F ¥ 7
7 7RV MENTIC X o THRIE L7z (pp. 262-276, Figure $56-S83), F 7. C KU’ p-Cys &
L O p-Pro TH % 2D EGHE ICH W T EABAHREETH - 72720, AL TIRfEE
RIGDFERIZE T WS, it AEOEMFIC TBERICEZIT . Fb N BERIGR
HPLC 12T #i L 7= (Figure 4-13e 3 X O pp. 230-232, Figure S6)., % DOf&%., Bk ML

(D-Ala/D-Val/p-allolle/D-Phe//D-Tyr) LK MEEE (D-Ser/D-Thr) % CAKUfiIC & BEGRE X,
SurE i & Y FERAYIC head-to-tail BLIK~ZEH N2 —J T, 7 F T 475 Gly MR

(D-His/D-Arg/D-Lys) . FEMHEERE (D-Asp/D-Glu) % CRUiIcEHY EG EEAHWHE Tk
BALEME S KIBICE T T2 C e BHO 2 L oz, b, BEKIGICX Y AEL ZBED
LFREEIIMSMSIC K 2 RTF ¥ 7 77X v MEhtic X > CTREL 7z (pp.262-276, Figure
S57-S84), T DD 5 . SurE [TEVE C RERIRE IS L TR BRI R G 5 2 L A
Lbhrtinolz,

HIECD SNAC HEZ W= MEk e . REICD EG BE 2 MW MEAECTHL 2tk o 7
SurE DREEIREZ LI TICE & ® % (Figure 4-15), SurE (3 N oK -7 3 /B8 & C K p-
T HTO~T X TR T head-to-tail BRLSE Z IR IC i3~ 2 ~ 7 F F
BHRTH D, 7. N Kk, B X O RORIL IO L CRALREEERYE 2 H 5
5707 F FEALAIEE L L CEN S —75 T, FE C RURHEREICH L CIREE Z#E iRk %
A3 570, KEROEMRME L L COFHHEFIZRENTH 2 2 L3O LR o7,
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L-lle 6 residues D-Leu
) | ) ¢)
J N-terminal residue Residues in the middle C-terminal residue

G (36) 1 AEEA (54) G (61)|nd.  Achiral

A (37) . 2 AEEA (55) DA (62)

V (38) 3 AEEA (56) DV (63)

L (39) 4 AEEA (57) pallol (64)

F (40) 5 AEEA (58) DF (65)
W (41) 6 AEEA (59) DW (66)

M (42) 7 AEEA (60) oM (67)

H (43) 0 20 40 60 80 100 PH(69)

Conversion (%) bR (69)

R (44) DK (70)

K (45) b DS (71)

S (46) ) o oT (72)

T (47) {H o\/u\} DY (73)

Y (48) g n=17 bD (74)

e 60 o (79

E (50) bQ (77)

N (51) 0 : Head-to-tail cyclization

Q (52) B : Hydrolysis of the ester bond 0 20 40 60 80 100
P (53) n.d. : not detected Conversion (%)

0O 20 40 60 80 100
Conversion (%)

[o] o] [o]

d) o/\O/_(u/\o-\ /\o/\O/_(N/\o/\ K\oﬁkuﬁo/\o’\(o
.0
Pea N A o el "
0, B
O eme Dt 2
o<" (17 aalength)  ° %& 6 AEEA 5 %KH 7 AEEA .%0
:& ) ° (20 aa length) o o
ok /\; & l TO (23 aa length) OJ
OK/H%/ O\JO\JN ° QNH o 0 &0 0)
© o)\/O\/O N 77/0\/ &NH HN’<)
\A(>/ NHﬁ\oﬁo/\Hi‘% P T o)\/ok/ovnw/o\/o
TN
A?TNH 03 ﬁNHK\o O/\Hi% o
NH o K .o — B
", A . ; A o v
ko ° )\ NH Q )\‘INH HNlO /< h T;H ;>
\/H)_/o\/ Oél\ok/o\/mh{ Oa\,o\_/o\) oA o
o
4 AEEA 3 AEEA 2 AEEA 1 AEEA
(14 aa length) (11 aa length) (8 aa length) (5 aa length)

Figure 4-13. SurE @ B EHGERYE O 7 1Y T

a) N ARIRIEERTE b) AEEA OffiE o) FCHIH RO RILERN: d) AEEA BRIUIK D
e) CAImsRAERYE:
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Cyclization rate (%)

100 —0

20

.
— ?/,
80
-0- 1 AEEA
60 -o- 2 AEEA
-0—- 3 AEEA
) / 4 AEEA

-0- 5 AEEA
-0- 6 AEEA
-0- 7 AEEA

20 40 60 120 180 240 720

Reaction time [min]

Figure 4-14. AEEA $H 12 5 1) 2 BL K O FRFIZ AL
feflid 1 ISR SO IRE RS, i I ABEA SLET O BRLR AR L 72,

>,

oD :

H/\"/O\/\OH
(0]

Broad selectivity Strict selectivity
SurE exhibits broad substrate selectivity X Achiral Gly
toward N-terminal and middle residues. X Basic residues

X Acidic residues

Figure 4-15. SurE @ FEER M
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HIAT SurE DFFERULIC X 2 FE C RimiRHEHERTE Dk

AIET OSBRI X D . SwE OB N RuihkHt & LN O FR I I3 2 EA ERE. &
K OHE C RIFREL I3 2 S B R E A S 20 & 7 o 72, SR, SwiE ZIUHTED W
ARt e UCHFES 7201013, RIS TS 2> & 7 o 25V C RIS IO 3 5 B
RIREA RS 2 0 EAR D 5, % 2 CTARICIZ, FEvw 2T#HE (PBP-type TE) DX v 3
7 RGO I H D GRER 22 ZZ BE AT X Y | SwrE DFE C RERERILEIRE O W& %
AR AT,

5 ZEE AL ClE PBP-type TE O RN 21T\, T O EEROIEEHECLE C K
BILEIRME IS MR H 5 2 L 2 /RH L7z (Figure 3-14), 2D 5 HD—~2>THh % Dsal I3,
BRIK~F <7 F F desotamide FHAD RELIRAL % fi#it 5~ 2 L HEHI X L 5 = 7' F FERAILESR T
HY., SwE & IFRMWICER2 7L — FicnBiEh s 2, Desotamide ZHDEFELRH S £ &
WOBIET 2 7 AX—D7 ) LMEREMNT L 728 2 A, Dsal DFE C RifiEIEIZ Gly TH 3
T L HEMI X 7= (Figure 4-16), 2D Z & 25, Dsal iZ. C KU Gly DREE #B{L T % %
W SurE & 3R 2 HENEIREZ G 372 C L SN X L 5, Dsal DIE C Rk ELER M I
DWTHIR %2 - D ICARBROMIR AR OER 2 H DT, k5B NTh
HARZER LB L7270, Mtz Dsal ZfiR T2 2L 13T hadotz, TD20,
AR O FELEIRVE 2 A Rl & L C R REME O RGEEIC IZE > T ia by,

DsaJ Dsal DsaH DsaG

)
@ Module 1 Module 2 Module 3 Module 4 Module 5 Module 6
‘ L-Trp L- Leu D-Leu L-lle L-Asn Gly @
PBP-type TE 0@ “?“’Q (SX ANecK CX AYecH(E)
—_— ° 0
—_—

g Gly

N

HN_O GIy

NH
A;NH H HN S0

desotamlde A

Head-to-tail
cyclization

(o]

I

Figure 4-16. Dsal IZ X 2 E &P EIA D head-to-tail BRALIG
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FFEANEITIE. SwE O X MG % b & ICHE —BRE AT T L O RIEREET
HaiTw, 8 ¢ KRR OFHIC G532 L PRI 0D [BUKMERT v b Zfill Ser
IR Ic AR L7 (Figure3-20), % ZC. SwE & (3% 70 2 3H C KimBERE*EH T 2
Dsal] DEfAKMER T v + OFHBIC O W THIR 213 5 72 ® ., AlphaFold2 * % H{\»T Dsal D Z{&
W& 7 VEER L, SurE & Dsal DBUKER T v b ORI Z L L 72 (Figure 4-17),
Z OfEHR. MFERAICH W THUKER 7 v F ORBOREIC KR E ZHEII RN Wk d o7
bDD, —Hl, SurE D Leu IC & 7z 5 532 Dsal TlddEm W BUKHFRIL Phe ~ & B & 1 -
THE Y, BUKMERT v b OFEMEH SwE &L TRY L v 25k 28I S 17,

Hydrophobic
pocket

Surk Dsal
(X-ray crystal structure) (AlphaFold2 model)
Ala C-terminal

Ala D-Leu
. Val
Bul_kler Phe ﬁ Ala
residue Leu ' P 4
'

9
Ala B Thr
SurkE /C Val
® DsaJ Ala g

Figure 4-17. SwrE & Dsal DBUKIER S v b O g

% ZC., Dsa] ODBUKERT v + 2T 5729, SwE OBUKERT v b 2T 2
Gly235 (Figure 4-18a) %, X D EE W Ala~E B L K7 v b ORBE D X ¢ 72 Z 8 E
SurE (G235A)Z{ERK L7z, ZOZARKE C Khiind Gly TH 2 EG #E seco-surugamide B
(DL8G)-ethylene glycol (61) % i\ CHRERKICIR ZFHE L, |MmSAF T, AKhc 2 KRG
X472 (Figure 4-18b), B4ENIGH % HPLC THMF L 724558, B4R SwE (WT) TIRER
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LR Ix 4 < AT L 72> o 72 —75 T, SwrE (G235A)% F 72354 T, head-to-tail BR{L{R

cyc-61 WY ELVRLENRT 2 EVRHL2ICh o7z, I HIC, BEEFEEZ Ala 25 L0 &

i Val, lle 1033 2 & CRALIFESIER ICH L L, RIS Leu ~E BT 2 2 & TH

H 61 BERAUE~ L ERMICERINE CEBHL 2 Loz, s, BERICICEI VAL

T2BRALIR cyc-61 DAL IZ MSMS ICX B2 _TF R 777 AV MENTICX » THRIEL 72
(p. 261, Figure S55).,

seco-surugamide B (pL8G)-EG (61)

a) . b)
Hydrophobic pocket of SurE

61 cyc-61
N[
C-terminal i !
Alaz34 D-Leu S )\ 3 61 + SUrE (WT)
Leu231 | o I L ! A~ 61 + SUrE (G235A)
1 S S \
Ala232, \ 5 ; ‘ 61 + SUrE (G235V)
a ;
, o308 = l L——-" 1 61 + SurE (G235I)
Gly235 3 : l
Val309 |
v Zha2r ° [ S ‘ 61 + SUrE (G235L)
0 5 10

Ala, Val, lle, Leu ) . )
Retention time [min]

Figure 4-18. SurE ORE C RInfEILEIRE 0 s
a) SurE DEKMERZ7 v+ b) SurE ZEKZ 772 in vitro IEE G

AREERCTERK L 72 4 FESHO SurE (G235X) ZFRDILE C Rk ELEIR M 2 MEE T 2 728
C K¥ii2S p-Leu TH % SB-EG (35) % T invitro BB )6 %17 - 7= (Figure 4-19), 4%
SOGH# % HPLC I THHT L 72658, WIFhoZR_{EKIC s v T b B UGS KIF IS, £
TR T 2 EDBHL»E o7, THE. SwE OEE C Kk o FEEIC B b 2 Bk
HRTy PRERICK Y RIBLAZ7291C, SB-EGHEE D C Khifi p-Leu #58ik TC& 2<%k
272 ThbLEIZLND, Lo T, LRt 4D SwE ZE{KIX, C Kif Gly DHEE
D H % EIRANICERFK L . head-to-tail BULSIS kit 3 2 R TH 5 Z L R I N5,

91



DL EDFERD & il Ser FILDUTFH ICHETES 2 BUKIER 7 v b 3R C KinikIL iR
IS LT b 2 L R2ERMICHAS 2L, KFRT v PMICEREZEAT S Z L T SuwED
HE C RIGERFLEIR 2 RET 5 2 LTI L 72,

o-Leu vﬁ}ﬁ«if
. : NH HN o
e L

o - o o Ny o )\ O<_NH HN_
o S AR I B o FS O
2N, .
N N N N OH .
H/W H/W E H/Y “SNH HN S0
o) 0 ) o) WooH
OA\/N N
NH, 3

SurE (G235X 0
SB-EG (35) ( ) ®/ ° s NH,

surugamide B (2)

35

I
35 + SurgE(G235A)

35 + SUrE(G235V)

A
—L 35+ SUrE(G235l)
L 35 + SUrE(G235L)
A

5 6 7 8
Retention time [min]

UV absorption at 200 nm

35 only

Figure 4-19. SB-EG & SurE (G235X)% H\>7= in vitro F#38 S it
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HNHET EG £ % v 72 head-to-tail BIBRIR = 7 F F Db —BEEA K

HIf £ COMFEIc T, Zfifiic AFTIRE 7 ethylene glycol % V> 72 3R KOG IHEE D AR &
GEEBFE L 7o £720 TNEFHL CEROIE 2 HT 5 2 & T, SwE ORE R
Z MAFERIC IR L ABSRE O~ 7' F FERAUMIE L L CoRMAEZAS 2 ic L, £ 2 TAH

Tli¥. EGHEE O MEHAELZGES 2 2 L % HIWIC, SwE % Ofth PBP-type TE. & X U
MERIDIEY R — £~ 7F FEURESE (TE F A4 ) ZHIH LT, #k4 7x head-to-tail
BIR~7F F DAL —BER Az A 7z,

9. SwE OREALEIEREZMA L, AROEHOT I/ BRECH & 138755 2 FE
DER = 7F F deoxypentaminomycin C (78) & desprenylagaramide C (79) D{bF—FEHR G
JK % Tk A 72 9395, Fmoc BIAH G RGEIC X Y 78 DER{LHTENR EG BLH seco-deoxypentaminomycin
C-EG (80) %HUGE 77.0% T L, SurE %\ 7z in vitro BEEKIGICHE L 72 (Figure 4-
20), % DGR, 96% DELFKTHIGT % head-to-tail ERILIK 78 ~ZLHa I 2 Z L A5 2
Ll ot Tk, BERIIGIC X0 E U 72BREIK 78 OLFRIEIR MSIMS ICX 5 =7 F 7
77 AV MENTICX o> THE L 72 (p. 277, Figure S85)

L-Trp S—NH,
L-Leu D- Phe HN{
7 =
\)LN/WO\/\OH "'"
D- Val NH L-Arg
HN™ "NH,
seco-deoxypentaminomycin C-EG (80) deoxypentaminomycin C (78)
S 80 78
2 E ! !
E_ c ]
S o R__‘_—,_,_—_——\/‘g_
£ ; | 80 + SurE
S ® 1 :
o) :
J:\ ‘ 80 only
T T T T
6 8 10 12

Retention time [min]

Figure 4-20. EG 35 80 & SurE % F\> 7z in vitro B3R G

EERIC, 79 DEALHETEMA EG F£E seco-desprenylagaramide C-EG (81) % #I% 80.3% T
FAELL . C Kb Gly DIHE #EBR{LT& % SurE (G235L) % FH\ T in vitro ARG % 1T > 72
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(Figure 4-21), % OFEHR. 99% DB THIGT 2 head-to-tail BRI 79 ~Efax 3 Z
EDBHL LT oTz, T, BERRICIC XV E L BRUE 79 oL fEiEI: MS/MS I X 3
RTF NI T T AV MENTIC L o TRE L7z (p. 278, Figure S86), 5[OS ICH W
7o 2 FHE D EG FE X, SwE AR O & #HR - FERORIL L DI 5 9 21T, 81 IR
Hliz 2 o0 Pro & 720, BULOBRIC~TF PO a v 7 1 2 — a Vil HiEc
HHETVHINZEETHD %, 2D, FilOFEEAERIT SwE O ER 7 BRI &
AR e L CoFREZBRET 2 & & bic, S, BAR L 2B AREE & SwE 2%
322 CHBERARIRRTF P 2R ICARTE L 2 LS5,

L-GIn L- Tyr o
L-lle L-Pro L-Leu o ﬁ
(lwv*gﬂwwk* NAMW%AM " oyj:(
: 9 o
me L-Ala LLeu SurE (G235L) +o HNEJL““ e
seco-desprenylagaramide C-EG (81) Y o

desprenylagaramide C (79)

81 79
s | ‘
=S | A
S5 T — ' 81 + SurE (G235L)
28 | |
® = 3 3
2 !
D l l

“—k : 81 only
5 6 7 8 9 10 11

Retention time [min]

Figure 4-21. EG #E 81 & SurE (G235L)% FH\> 7z in vitro FESE )G

RIT, SurE LA#} @ PBP-type TE I X 3" % EG HE D #MGE L 72, AW TIE, PLEGE
HEERR~ F ¥ =7 F } desotamide $H & wollamide 26D 4= &K ICEH5-3° % PBP-type TE. Woll
CEHLZ, Woll i3, EBEDOT vt v 7Y —7 4 vBEPTHIEL 7222 D %7 % NRPS
(WolG1/WolG2) ic ZNnZnA/EM L. SurE 28B{L T & 7> C R Gly % C R ek L
DFE X} L T head-to-tail BRLK IS % il 3~ 2 = & 23l S vCv» % 97 (Figure 4-22), %
. BRASFFXTFV desotamide B (82). I Lk VENZZPURBIKEIE Y 26 3 2 ik
wollamide B1°%%° (83) & H L. Z OER{LATEAR EG H'E seco-desotamide B-EG (84) &
seco-wollamide B1-EG (85) Z t¥&K L 7z, KEGE % H T Woll offiffax 2 v X278
(49.4 kDa) ZFBL 720 L, EGHYE 84 & 85 % FH\>7z in vitro R )G % 1T > 7= (Figure
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4-23a,b), Z OFER, WITNORE b BERIKEFERITHE L. 95%U EOER{LF T head-to-tail
BtiA 82, XU 83 ~Lfax s, b, BERICIC XY EL BRUE 82 & 83 ikl
X MSMS ICXK B _T7F K7 77X MENTICK o TRIE L7 (pp. 279-280, Figure S88-
89), T DRSS, desotamide FH, ¥ X U wollamide FH D AEERIC BT, Woll 234 A%
FEA O KBERIR(L 2 i+ 2 C L SHL 2 L o572, £72. EG #E 3 SwrE LS D PBP-
type TEICH L CHHEHFRETH 2 Z L AL & 7 o7, 2. SwE & IFR R 2 HEH CK
U RILEIRE A 3 % PBP-type TE # ATIRICIE T % 2 & T, k4 7¢ head-to-tail ZUERIK
RIF VMR ICHERTE 2 e BWFEINS,

Gly o Oﬁ/NHz

|

ﬁ>—)\ desotamide B
ﬁ

o H,N

NH — Bifurcation
O:$—>\
}/\O L-Asn D-0Orn
il SIS
D- Ornl:L

I
S
z
z
I
B

WolG2

s OsNH,
:g )LNHZ ””{:HO ”KY
o]
. >_8: O:&‘HANHZ I ’ HN
N * ¢J
HN NH o
/4—8;(}\“/@ O?_)\ wollamide B
o]
O;\jg”” /ti:_‘;\b

HoN

sy

Figure 4-22. Woll I X 3 £ &K [EA D head-to-tail BRILSG



L-Leu o OYNHQ

L- Tl’p L-Val o

e
HN\VJL /[E;T\I;%;T]:%/ \/ﬂ\N/\W/O\/f\OH <i%2iﬂ/;;[:: ::]i?/
D-Leu L- Asn \‘

seco-desotamide B-EG (84)

H,N__NH
HN NH2 WOIJ o o NH
D- Argj o Nf%j/
., NH Ao
" Lﬁ jg & Crlt e
P
seco-wollamide B1-EG (85) wollamide B1 (83)
a) b)
= ! :
He S — —— 84 + WolJ
66 I3
o h !
45 W |49.4 kDa .5 j ‘ 84 only
= 85 83
o | |
2 : A 85 + WolJ
31 < ;
S A
- - - - — 85 only
4 8 10 12 14 16

Retention time [min]

Figure 4-23. EG 71L& 84, 3 X 18 85 & Woll D in vitro 58 St

a) Az Woll % & Ty E5> © SDS-PAGE I X % 73 #t
M. XV RXIE~—H— 1.NiT7 7 4 =T 4 — k8L 72 WolJ (49.4 kDa)

b) EG #E & Woll % F\> 7= in vitro B35 5t ® HPLC 504
UV200 nm 1235 2 WINER % /R L7z, EGH'E 84 & Woll DR MG DFER % BB 2
SODru~ bt T LR LTz, EGHE 85 & Woll D¢ ENKIGDOFERA T2 oD 7 1
27T LR LT,
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RIT, fERBID TE F X A4 v ~D EG HE OBH A WREEL 72, AEERCTIX, BBRT AT
F F tyrocidine A (86) DAEABKICEIS 3% TE F X4 v, TyeC-TE & H L. EG HE Xt
T2 BLIEE 2 S L 72 4, KISE % v T TyeC-TE Dl 2 % v <28 (32.1kDa) %
B 7Db, Fmoc BEHAGHIEIC X Y BRLATEAILE seco-tyrocidine A-EG (87) % IR
71.0% Tl EE K L 72 (Figure 4-24a), % D%, EG H'H 87 % TycC-TE % H\>7= in vitro ¥
FROCICHE L, 530 N2 BRRIGIK % HPLC IC CTHOM7 L7z (Figure 4-24b), % Of5HE, EG
FE 87 IIFERKAFINITIHI L. MK R hyd-87 & BRILIK 86 282 LZ 4 30% & 70%DEE
PR CHEKT 5 2 LD L 7no7e, REEERIGIC I T 507K gk & BRAC AR D 4 il
AlE. 2000 FFIT— N — FRED Walsh © 23T 5 72 SNAC HE % > 72 TycC-TE Di&EMFE
fliofiHR e —83 2% %, Lkdio T, BEGHEEFMECICHERT 2 <75 FER{LER DR
RINRICEE 2 52 W2 PR REINT, M EDWGEED &, EG £H 1 PBP-type TE @ &
O THERMD TE F XA VIC L CHBEHAARETH 2 Z L AHL 2 L o 72,

Wik

p-Phe p-Phe L-Gln Nyt
NH L-Leu NH N
Q L-Pro /@ > L-val CN . N O)\ \@\
{ TycC-TE . ’
3 Qk\/';( % /lir\\/\OH y " %, O OH

o
\© H2N>: \@ \LNH L-Orn ©/ \/&
L-Phe L-Asn L-Tyr OH NH2

seco-tyrocidine A-EG (87) tyrocidine A 86 (70%)

a) N ; /iN /¢H
(kpa) M Tyc-TE “WOW *mr % %j;( P
o L

66
b) hyd -87 (30%)

45

5 87 . hyd-87 86
31 ‘|321kpa S E e :

g2 c A

[eN®) h

2R A— : 87 + TycC-TE
21 >© 3 i

ik : 87 only

14 5 3 1o o 1

Retention time [min]

Figure 4-24. EG 58 87 & TycC-TE % F\> 7z in vitro BERE G

a) #H#LZ TycC-TE % & LA 7> D SDS-PAGE I X % 77 #7

M. XV XIBE~2—H—;1.Ni7 7 4 =7 4 — k8 L 7 TycC-TE (32.1 kDa)
b) EG H:'H 87 & TycC-TE % FH\>7= in vitro 38 5t D HPLC 704t

UV200 nm 2 B 2 RIGKE R %2R L 72,
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HLET NG & EE

1. BUEDOE LD

BUE T, )RV — LT F VEUEROMBFIHICE W TRELRR VA Y 7T
BHoHEANELZWR L7z, METORR. Lffliic AFr[REZ/N7FTH % ethylene glycol
ZEMHERICHA AL Z & T T F FERACEROREE L 2 5 Bk~ 7' F F 2z mIEro
A O ICRcx 2 RE ALY L7z, ThITX D, SNAC HE ofLamkic
BIHETH o7 O HHOIGEOMKE, @ FHOMEDIK X, @ HMELBREE DL
L% BRIk L7z, E 720 BAFEL 7202 K6 L C SurE o BEHEIRME: % My 1 3
R5 T, AEEROFE N K & BUAINER ORI N 3 2 A SR E L . HE C K
FRILICHT T 2 B 7B R R L 22 L7z, & 51T, SwrE DIE C RimiEEL I 2w
IERERARER T 2 2 L A HIIC, ST 1 JT#E Dsal & D X v o8 7 BRGE I ICH D B
FUE#ToT2, ZOREHE, B4R SurE TIIBRIL T & 72 d> - 72 C K Gly D FH # Bl
fE7x SurE ZARA A ERAEIET 2 2 LI L oo RETHAEL LF—BEAA 7Y v 1
AEGEZEES 2 28T, T IO B TR S NS B ARBRIR~ 7 F P20 T <,
PEG D X 5 %IE7 IV BREZEINICEDERRR7F FHRRICERT 52 L icIL
72o E72. C KU Gly DFEE #BLTE 3 SWEZBEEZH W3 2L T, 2V 78T 2
DR THRE NIRRT F PO ICAM L, AFETARTE ZRRRTFF
DEHEMERILIRT 5 L ICII L 72, ARBFFE RN L 721L — R ARGE TR, Bk T
F PN REEEE T 1T ) S e EMEL ORMEMIE AR TE 2, 2D, K
FIEEFBRRRTF FPORR T —AVERZ T TR, BRRTF V7477 ) -0z L,
_RTFVEFEOSTFICHDRECHRRTE 2D eE2bNE, /-, AFiEIL, SuwrE O A
OFTHERBMDTE F A4 VI L CHBEHFIRET S 2 720, Sk, HA <7 F FERILE
R OB A —ZF IR, Z N ORER 2 AR L L CICH S 2080 —J@IES 3 2
AR I NS,

2. SNACHH & EGHEOFEMH BT 5 &%

R CHIFE L 72 EG 2 Wil L T2 ko GEREEZBGEEST 2 720, k. JEV KV
— L7 F FEYCEER OBEREMNT &2 1T O BRI & L CUUHRIC v 5T & 72 SNAC
CHME AL 2, 2Tk, TR T 4 HE (L LHERORS S, 2. HEORE
P, 3 EE oK, 4 FE OBEERIGHEE) 1T W THREEL 72,
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1. SNACHHE & EG H DLFEE IO T

¥ 3. SNACHEE & EGHEICH T 2L AAMOEM & L GBICEE i L 72, Ald @
. SNACHEH DL EARTIE Fmoc BHABGEIC X VIR~ 7 F F 2B L -0 b, Kl
IZ T SNAC BB DA KIS %#1T 9. X D720, HE C Kiffkio = v 2 V(L2 & /&
D, HEEOIRE T EMERRREEDNLELE kD, EEE AGKAF—21c XY
surugamide B DERLHTEN{A D SNAC FH % FA8L L 72 BRIC IZ A BRRINEE 22 30.0% LK<,
HPLC IC X 2 epi KD D BFEDEETH - 72 (Figure 2-7)

SNAC EEDOAK FOMEZ TR T 272012, C RipEHEo v 2 VL2 #H L =5 4
IRATMEFER L ORI TV 2, 2011 FFITHEKRFD Liu bOHE I V— 7T
Fmoc EMHAEBEIC L W ER LT F Ve V7Y FE2#pEEE LT Az 270k %
5 L7z 10 (Figure 4-25a), AFETIEE 3, 2-CT BiflGice F 7Y v Z#EA L. Fmoc
HAEBEIC XY T F FHEMRE T 2, Z20%, BEHWTATF Fe P71 88 26K
BE LUV L z0b, X7F N C Kz BAIC X ViEEL L F 4= 2 7 k%47
S0 AFIETIH C KInEEDOZ e A VLRI T HNDOF AT R T VK% 2 T
ENRTE 2D, BREEOBKCT A -V ERICERICHRET 20EMRH 2 5 21T, ARA
Ty THREGEBEICRE L, ARINEME~PRRETH L L BB L k5720, Al
BoEMIME L LTER TV 2 L ITE Wy,

F 720 1999 FFIC 4 = — VKD Ellman b DRfFFE 7 v — 7%, EHHA RS EcoF 4=
AT MEEERHRE L7 10 (Figure4-25b), AFiE T, THRD 4-sulfamylbutyryl AM i fii %
HAERE LT, ARy T I MM k2 CRIG 7 2 7 BEOERHEE & . Fmoc B A HIC
L 3_7F FHEOMELZITV, FMEER7F F 89 28T 5, Zok, KIGEETICTF
F— N EEEEBRML, GEIE L coF Az 2TAlETH, ATECR, EEoax
RIGHEIE LT 2720, HOF AT ZXFAK%E C Kk oz v 2 ULz 4
ERPREEOMECHRM T LA TE S, LoLAad s, HiRD 4-sulfamylbutyryl AM
e EMTd 2 2 &, AR ETOF 4 = 27 AL SIS E2ME < KR (24 h)
RIGEE208EnH 25 &, HINEEORIEME~PREETH 2 L B3FEL 25720,
RFES ERMEORE ML L LTER TV 2 LI F 0,

ZD—77 T, AR THRIE L ZEEABGETIE, Lfiic AFA[HE7% ethylene glycol % J5A}
L. mEroEMECHiffic HEE 2T 8t 5, I nic, C Rimikk
DA VALL ML 72 b iz, MM HPLC MRl 21T LE03 7 <, MY o
FEFEHRCICHT 2 2 L AARETH B, L7zhi > T, fERD SNAC HE LG D
AES AR L - REMGRE LCATRRERHTh L E L LR,
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Solid-phase
peptide synthesis o

a) HN—NH,
5% Hydrazine Fmoc-AA-OH

Ry
CI‘ — > H N*NH' e —— - '
DMF ‘ HCTU, DIPEA FmocHN)ﬁ(HN N

2-CT resin o

L TFA

No epimerization \

o Ry o R
N)ﬁ(S\Rg )ﬁ(Ns H)}(HN NH,
H g Thiol (100 eq) ) NaNO, (10 eq) o

Deprotection
PG\N
H

HoN

Thiol-substrate Peptide hydrazide 88
Solid-phase
b) Sulfonamidation peptide synthesis
Fmoc-amino acid 9 R
H H H
HoN N4. _ N' o N. N4.
s Coupling reagent F'“"CHN)ﬁT W ﬂ)ﬁf ST
oo ) oo e o
4-sulfamylbutyryl AM resin . .
yibubyry Resin-bound peptide 89

No epimerization \
o} R (o}
N)\(S\/\Nk
H o H

SNAC-substrate

Figure 4-25. = X VAL 2L 7=~ 7'F F#H C KD FA4 = X 71t

a) *7FFeFIYFeipike LeF+z 2701t
b) MEMH&EEE ETcoF 4 2701k

2. SNAC & & EG EEEH D LIEEIC DOV T
SNAC HEZHEKISICHW 2BRof#EME L LT, ERTcB T rAamRolE < ofth
HEERLRRETHDL I ERETLNDE, FTAZRATAMAEIR, 7 I FEAECPZ AT L
O L R CRIGEDRE Wz, RHICHIET 2 RKIEH O RSB IC X Y . B Ik
Nz, 2070, BERIGD X S 7aE pH ST (pH 8~pH 10) i€ SNACEE Z#fit3 2 &
H FE 0 72 MK S A S G 52 B AR D SRAZ AN ¢ D [ S 2 BRAL OG5 AT L. BE3E o fidi it
WA TEMICEHEcE w2 EAEE 72 5 (Figure 4-26), —/7C, EG B Tl3F4
IATAFEE LV BEZZATARAEZRAL Wb 720, o X5 & HFEW 2 EIR)G
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ZIHCTE 5, MR L LT, KAEDOHMUEITIT o 2RO X 5 ic, BER O Mm% 5%
2> D E BINICFHIi 32 Z & ICB LT\ 2 (Figure 4-13), Mo FHA I T T,
BIRIGZERZ T2 L HYIO B2 HEICEK TE 5 2 L AHEEHFED —~>TH %23,
COBIED D EGEHE T SNACHEH L HRTER T2 EZ LMD,

Ser ' OH
Thr \J\OH "o
2
N O r/ H o
Lys % NH, S/\/NT( Spontaneous hydrolysis or cyclization W
N 3 in buffer conditions (pH 8-pH 10) HoN OH
. - o
His =
Nu

Asp WOH
)
Glu MOH

Figure 4-26. B4 505 T T D SNAC HE D H F1 72 57 fi#

3. SNACHH & EG HH DK DT

B TARKICAIR L T3 BE IS L CORRIGZ S 5 720, LRMEO KM 2 H
T ECREESRCEE ORANE D HETRE M TH 5, SNACHEH B LU EGHEHED 100
uL DIKICE T DA EMEEL 72 & &5, £ T AEE TH % seco-surugamide B-SNAC (3,
HEREE 800 pM ZIRICABLY) A3 ERE S /- — T C. C KU EG %Ay L 72 seco-
surugamide B-EG D5 Clt, FERE S mM 2 2 T NACYIIHR I N o7z (5
B —ZI3mLl Tk, TOXH7% EGREOENKEMEIZ. 32 6 Pk
ethylene glycol DHEIC X 2 b DT, HRUKIED ethylene glycol 23FE D C R 3 2%
T, HELKROKEER LICHFEGLTw2b0eEZLNE, 2OZ b, EGRE
FRAT = VAR~ LB ATRE 25 100 e G E 2 R L. SNAC FRH & e~ TN 7 KT
ZHLTWwW3EEZzbN5,

4. SNACHE & EG HE M FEIGHEEIC DWW T

RIT, SNAC HHE & EG HE I F 2 SwE OBLIGHIC D W TER L 72, Hiffilc TfT-
7o ROGHREERRmIMANTIC X U . EG HEE % SwE DR KIGICH W 7254 Tld SNAC ZH & It
RTC ke B AR T (ke =4.6T02min""), KnfE23H 465 L7 (Kn=6602541.3 uM) .
kea/Km 37 16 f5IKT (ke Km=116 M''s") 375 Z & 3B H > & 72 57z (Figure 4-12), EG
FE A SNACHE & IR CRIGHEME IR E LT, UT2/AE 26N 5, 1 8E I3,
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BEBERSTAL D 7 e F A RO EEMTH 5, 2011 4, 7 17 Y XKD Bruner & OHFFE T L —
7. NRPS AEHKICE T B TE F A A4 v & FREGHTRIEIE KT 5 K 2K T7 74
= AFED R EAEFIRNT 21T - 72 12, BRR< 7 F ¥ enterobactin DZEAL 103 14 cEH L, &
AR T T A Z NIRRT holoft L7= PCP F A4 v & TE F X A4 v Oiffl#faz £ v 3
7B, Z OhE G % T L 72 (Figure 4-27a,b), Z DfEHE, TE F A 4 Vit
ARV T T A VIR T I FEESE & Alal074 & Ser1075 TRFBMBEEEK L., &6
I Phel077, Trpl079. 1lel1213 TEUKMAHENER 2 Z & 235 2> & 72 5 72 (Figure 4-27¢),
ZDOfERH B, NRPS O~ 7' F FELEER TH 5 SwE b Lit L RO FHEREIC L D R R
RNV T T A AR AR T 3 AIREEAE 2 b b, ARIFFEICCH W72 EG FE Tk
Z DWiBfERL 1L ethylene glycol TH Y Kiic e Fr ¥ v % H T 25—/ T, SNACHE TIZTE
FAA v eEDMHAERICES 327 v F A% BEEEICHE 3% (Figure 4-28), L7225 T,
DX mMEEORENZRS SwE OREFFRIGEEY 5 2, Kn D EFICFHFS LT
WAHREESE Z b b, EGHEE A SNAC HE & X CTRICHEIMR W 2 iHOBHR L L
T TATUEE LT AL AT VA OREREDECBEFT ONE, RIS, =27
WAEE DT T F T AT VA G & R Tl CRERFEATH 579D, SurE Ofiflt Ser 7%
HOKBHBIZELZT I MMEPRZ D IC K &Y, ka EOETZHOEAREELSZE Z DN
%

LIk, 4THHICH T 5 SNACKE & EGREOMNE %2 £ L ®» 5 (Figure4-29), EG #HE
IZ SNAC HEH L H~T, ARDOAES S, WEM. KatkomcENS, £D—J7T, SwE
I & 2 BVEREERICEE L ClE SNACEH O J7 BRI H U . EGEHE O RGO X 2538
BEEZ D, Sth. BEROIRAMEMELDE 105 LR E % Vv 72 B Zs 100 2 Bl L EG 5
BTR 2 BUAME & SOGHE % 1A B X 27 SwE ARE A AT 2 2 & T, AFE DM A
faxhs,

102



Peptide © Mimic

R B~ T e ™

Biosynthetic precursor holo PCP holo PCP
TE domain
b) > ©) Phe1077
PCP domain o123 Trp1079
€ o HNN
CP HN"t\

- rophobic

\’\\{:\j‘eractloﬂ

< = : Nl £ ('} o )
¢ ‘_ ; " . B HO\)kN/\/HY\/ /\‘
& "5 \ ' H 5 holo PCP

*, Hydrogen bond
}LNH N OH

Ala1074 = o 4 Ser1075

catalytic
Ser-His-Asp
triad c

Liu, Ye. et al. Structural basis for phosphopantetheinyl carrier domain interactions in the terminal module of nonribosomal
peptide synthetases. Chem. Biol. 18, 1482-1488 (2011) X » 5[H

Figure 4-27. TE F A 4 v &k 2 &5V 57 4 = A K B AEFfENT

a) FRFNVT T A AT EHE DL

b) TE F XA ¥ & holofk PCP F X A v d Ak
TE F X4 v &ZFM, holofk PCP F A A v &5, FAFK NV T 7 4 S VEBEUAZ fkt
T L7,

¢) TE FAA v &FkAFANY T T4 = FERHA DA B AR R
HWHAEERICBED 2 TE F A4 voREE2FB TR Lz, £/, KEMKEEZAL VY IEBT
L7z,

SNAC Ethylene glycol
s ~_OH
¥ X
TEF X4 > L DEEER
ICBh 3 L SN BBRRF

Figure 4-28. SNAC & ethylene glycol D 1) 7E %

EHOLFER (NF) BEHOREN HHoKBEN RL#=:

SNACEE TEHE (£ TRE < 800 pM =18
EGEH fiim (&) E >5mM {fEEL

bl

Figure 4-29. SNAC JE & EGREOMEE O & ®
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3. W CRIREEOZ#EE S [BUkER7 v b IcBT 2 5%

AT, L ORBEICTITo2EBRICX Y. SwE Ol Ser HILDITHFHICHE T 2 Bk
WATy b 25, BE C REEREORBICESG L Cna o ht ko, £/, K
Ry MCEREZBAT 52 8T, CKIi Gly DEE #B{LC& 5 SwE ZRAEZAI L.
Z DR 2 HE C RIgFRHLENNE D —Ef # SZ8 L 72, SwrE 13 p-Arg 75 & OIFEMFRILC p-
Asn 7z EOhEEE Y C KiIcEDRE 2B cE v, RACITZNOEH 2L S
5 TFPHRINDFET VBELPLEGIET 5 ERHL2E > T3 (Figure 3-14), %
DI=®, s PBP-type TE © [BKMERT v | ORI LR Z RFHICH S 221
T2 2 &T, SwE DY CRIELEREDO X LA WE~LICHTESZ EE2Z LN,

PBP-type TE @ [BfktERZ7 v b ] KBALCX LA MRAEE2720, 7 LT — X _—
Z 75 B E N7z 633 F3ED PBP-type TE ICXf LT, & v X2 EDfdFIHFEIMEICEES K F v
T — VTR IT o7z, X BT, % PBP-type TE ICH 5 [BUKERZ v + | 2T 2
7 BEEROMEmEESFEB L, FRlofRicey vy 7 L7z (Figure 4-30 5 X U p.
203, Table S6 35 X U pp. 223-224, Figure S1-S2), Figure 4-30 Tl ALHIAZ % LD PBP-
type TEZ &K L, AHIO@EARVIEE [BUKERT v + ] OoFBHMEL . K7 v P A
HWELTWE I EERLTWS, ITOREE, 633 FE%HD PBP-type TE IEE D 7'V —7iC
SEIN, KON —TNT TBKERT v + ] OFESICEROEAAALNS T LA
LTI 072, Bl ZIE, SurE. PenA % Lonl8 @ X 9 7x C K BKMERILE % & U AE % B2
{t3 2% PBP-type TE 1&. —EH L T [BktER7 v + | OFEBERBAEHAICH 572, 2D
—77C. SwrE BEL L 7 d o 72 C RipliCHEEMEERE % & HE 2 Bt 3 % PBP-type TE
(KD MppK 72 &) IBWTIE, EKWEBLEZRTHAICH 57, 2D &5, MppK
D X 9 7z PBP-type TE (3. BICHBL 7= [BUKMERZ v b X OREE C KigoiGRMEEK
EcA L viiatkoMAEFR 2R L, BE 2883 2 2 e 3 T2, FEEE MppK
D EREEE T v % AlphaFold2 TER L. [BKIERT v b OMBREEAZFH -5,
SurE @ Leu231 15 7= 255525 MppK Tl Glu ICiE E #ib > Th . REHEI 4 4 viEE D
JERICRE b 5 2 L 23E 2 b7z (Figure 4-31),

FREDfENTCBH S 221278 o 72 % FH PBP-type TE @ [BUKMER 7 v | ORERIERIE-CFRE:
b LICHRWAEZIT) 2 LT, HE CRIREDEIRNMEZ & 5 ICHR L 72 SurE 2 F#{E D
AR T N3,
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AN >LNH %NH

. NH,
HO—N \/\;L ) %/H DAsN ii "
: NH HN o HN—/ pEnd
BlFliE 0o z HN k 0« NH HN IL HzNﬁ H)H ?\ “'oH

0. NH
N H pLeu DAla NH HN_0 NH HN._O OH
N
NhN ° \ )\v‘\\'[NH HN:\LO I o NH HN ; i/@
o \f O“\,H n L n 07 NH | HN
/\\ .NH o ¥ WH\ w o S{ o
Sr"‘ o O/ [SHN = o
| R
pentaminomycin C surugamide B cyclosurugamide F ulleungmycin A mannopeptimycin aglycon
NH,
X % 2 A% Lo J
5TrD o )Vfi /@% %@ ° T8 %e° % jf)h .
HN._O 7 ?UFIE 4 MppK J |
KNNHQ pLeu/pAla w2 $-OH-pEnd HNT 0PNH | HN
)vo\ NH | HN PenA L e Uim16 A
H(“ o DLeu/DVaI/DPhe B-OH-pAsn P
o
o 00 PO 00 00y 9% 009 09 02 ©.o
longicatenamide A OOO% ggzg 96 & 'l © 388 3G 39S @98 €38 €88 996 o o %o desotamide A
C-terminal nggm C-terminal
Hydrophobic residue 0 e o Gly, Asn, Basic residue
o @0 @O e o_eo o _o_o Q. e ) )
oooooo Qoo o oo e e =2
°© Lon18 Dsal 3.50 7.00
pTrp Gly E

pl value of the pocket-forming residues
Figure 4-30. PBP-type TE ® # v b 7 — 7 fi#tfft

BIYERIE & LT\ 5 fRE M 72 PBP-type TE & % OHE C KinikKZ it L7z, 72, % PBP
type TED [BUKEERST v } ] KB 2HER 2RO O HFOOHETRL 72,

Glu220 ‘
(Leu231 in SurE) !/

Catalytic
Ser

Figure 4-31. MppK @ [BUKIER 7 v + | WITHEET % Glu f&t
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FHE  Head-to-side chain TUBRIR = 7°F ¥ O xhFK M) b F— I FR A BUE D BAFE
i AEOHK

HIEE DWIFETI. ethylene glycol % F\» 72 BHIRELE D B3 A AGE & BA R AEERME: %
H3 % SwE D~ 7 F FEALSIG 2 A B DTz, BIRR T T F OB 2Ly — B A
7V FEBIERMEZ L7z, L2 L, AFEICL VAR TE 28K~ 7'F it SwE O&Rfk
RACHIREI N2 720, —HLT7F M C RImfkiE e N Rinhkk CEBRIL L 72 head-to-
tail UBRIR= 7' F FICIRESI N D,

—7F T, RID 513 daptomycin, polymyxin Bl, bacitracin A % didemnin B iIcftF X113
K577 F P C Rimhkdk & BCHI B O I3 CBRIL L 72 head-to-side-chain RUBRAR~ 7' 5
FOSEAM TN TE Y, PIENSECTUREENGE R & 2 N E NSRRI 7= LS
HE2EHL T3 10719 (Figure 5-1), = D7z®, ERLEEEREEZHE T2 SwE #i5H L.
I 5 head-to-side chain RERIR = 7'F N 2 BESR G T E UL, AR AMFB L L CTo
EREHZ S ICHIRCE 2L HEZONDE, X ICTRETIE, ~7T 0 F 7AREREMTO
BALROC % b9~ 2 SurE OFF L | #2ih 3 2 538 EG 58 % M L 72 head-to-side chain
RIBIR~ 7T F oL —BERGHGEOM L2 HiG L 7,

HoN
Thr
.y Side-chain Oi(n\i . Q
2):0 HJ\” ; H‘Sto e
P . 0
: H/Y \\‘f

NFo HO™To side-chain
daptomycin polymyxin B1
(antibacterial activity) (antibacterial activity)

HO

o
o N7TNH
Lys HoN Jﬁ )J \©\ \(
side-chain W/L Thr
HNT S0 ow side-chain o

" 1@?@7? y (? Tﬁ I?*

O

o

NH,
bacitracin A didemnin B
(antibacterial activity) (antitumor activity)

Figure 5-1. f{3/7x head-to-side chain BRI~ 7' F F oL F# &
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B IR EG HE oS L &

SwE 3, ~7F FHCAND-7 2/ BRE NAKIGL-7 I VRO ~T 1 % F VR IREER T O
head-to-tail BR{UJC % :Z IR IC il 3~ 2 720, FEE SR ICHEFET % Lys ° Thr & O fll#E k%
2N U BRCE 2 i © & 70\, SurE OfMEEE % head-to-tail BR{L G 2> & head-to-side
chain BALKE~E WE T 5 Fihko—> LT, ZREAIC X 2 HRUEERE L LT
b, L2L. SurE ORE R IT C RIERELEREZBR VTS HL TR
B, SwrE ZABIICKZE L, Z OfitlEAE% head-to-side chain B~ & 4223 % Z & (ZKEET
HbHLEZLND,

—J7 T, BEAEKNTFEIC X B head-to-side chain BRI~ 7 F F o2& I, EMHE
BRFEICCY FRHOZBAI~TF P2 L, 20 b DIk L CELRIGZ 1T 5 g L
ELiFE 5Tz 10183 (Figure 5-2a), TDZ & bEMERT, SwE O~ 7F FE1L
JRIGIZ BT G & RIS IR 2 R G IC v 5 & & ¢, il T o BRILR T 28
T 2 AR E 2 b Tz, FRIT, ~T v ¥ I AR coRUR)IE % i3 2 SurE
OFEZES LT, BE NKIGE CRUIC -7 2 7 W, I -7 I Ve H 3 2 0
W Z2BRRISICH 5 2 & T, FT#® head-to-side chain BIBRIR~ 7'F 1 D & & &R I
5z 52 ERTFHEEINT (Figure 5-2b),

(e}
N

H . H ) side chain
a) PG—N OH Coupling reagent -
H
_ _ © N—PG
side chain

Head-to-side chain

HN._O
5 cyclic peptide

NH,

0
L /Z<N
side chain
H,N— D O\/\OH . D H
side chain b I A) D —NH,
Head-to-side chain
cyclic peptide
\NHZ

Branched EG-substrate

Figure 5-2. 73~ 75 F % H v 72 fll§8 O BRL S
a) AEERIC X 2 IO BMUEIE b) SurE I X % flgH D BRALE
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%20, AR EWEET 5729, SB-EG #ETFARE & LT TITRT oA EG FE
90 # &t L 7= (Figure5-3), AJEE 3, SB-EG @ NKIH 367D L-Tle 25 L-Lys ~ & BE#A X 1L,
20, ZDHIBHIC Llle ZH T %, 72, FHTOD head-to-tail BRALSIEC % M52 7201,
N K L-Tle % 2l 1 A F R RE CHEIGEAYICHAMBIL 72 D-Val ~ L & L 72, EEE o4yl BG £
90 % T SwE DEEMIGEITH T & T, FE C R p-Leu & L-Lys IS EA L 7= L-
Ile [t @ head-to-side chain BR{U S IG % 3 A 7=,

L-le p-Ala L-lle bp-Val L-Lys L-lle b-Phe b- Leu

EG-substrate
(SB-EG)

p-Val L-Lys Sﬁ‘/ ) )\
gt e e
LNHZ

L-lle
)I Branched EG-substrate (90)
K NH,

Figure 5-3. A58 CH W 2 IR EG HHE DF%E
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FEH I EG EE DGR & in vitro BEE G

HIEIC CR%EF L 7202 BEG BB 90 DAL A& % 1T - 72 (Figure 5-4), 3. ik
DIPEA % Ffl\» T ethylene glycol % 2-CT #{iFICHHFF L 7z, % D%, DIC 5 X I DMAP % F\»
T C R¥hk¥E Fmoc-pD-Leu D T AT WL ZATW, EHERET I V8 33 2572, Z D&,
Fmoc FEMHARGEIC X Y &7 I/ BA MR L, EHERF<7FF 91 & L7, T},
DIERELE O G % 1T 5 << L-Lys I ##2° 1-(4,4-dimethyl-2,6-dioxocyclohexylidene)ethyl

(Dde) Ti#i# X372 Fmoc- L-Lys(Dde)-OH Z €' LT 4 v 7' 7ay 7 & LCHHALR, 91 %
372 DB, 2% hydrazine/DMF AR % i\ T L-Lys D Dde fRIER ZEIRICBRE L. %2
DOIFHIC Boc-L-lle-OH % ity L7z, &I, TFA IC X 32X 7'F FEHOBIE» L oY) ) H L
LSO RIIR#E AT 5 2 & Ty Lys fISHICHHL N Kz G 3 2 2BH EG BEH seco-
surugamide B (I1DV, BK(I-NH2))-EG (90) %Zf37z, =— T A% 1T 720 b OHIEHY %
LC-MS I THMT L2455, HIWEE 90 2muwiiE ooz 2 L %R L 7= (Figure 5-
5), %Dk, HPLC IC X 2458 %179 2 & T, KMLEW % HBIE 82.6% (17 steps from 33)
Tz,

Solid-phase
q peptide synthesis
Loading rate:
HO

~"onH . 0.68 mmol/g

Ethylene glycol Ho Fmoc-p-Leu : IIIIIIIIII
c|4' _— > \/\o' — > EmocHN O\/\O‘
X DIPEA, DCM DIC, DMAP /T 1. piperidine, DMF @I"
2-CT resin 33 2. N-Fmoc (or Boc) amino acid

DIC, Oxyma, DMF

S w8 7w g v g )\
BBCHTHWN%QWN%H X N N/YO\AO‘ H)’Sf'\j'z:lne BocHr\IKNWNQkNWN\)J\ /YO\/\O'
NHBoc

NH, NHDde
\ 1. Boc-L-lle, DIC, Oxyma Resin-bound peptide 91

2. TFA, TIS, H,0

,,,,, seco-surugamide B (I11pV, I13K(I-NH,))-EG (90) Tttt
M Isolated yield 82.6% (17 steps from 33)

Figure 5-4. 73157 EG HE O G KA F — L



[M+3H]3* NH,

358.91 o
,,,,, - Branched EG-substrate 90
* Molecular weight (M) = 1074.42

[M+2H]2*
537.86
[M+H]*
\ 1074.85
|
0 200 400 600 800 1000 1200 1400 1600 1800 2000
m/z

Solvent peak

—L

90

UV absorption at 190 nm

T T T T T T T T T T T T 1
8 10 12 14 16 18 20

Retention time [min]

o
N
»~
o

Figure 5-5. 77l EG 342 90 CHUFSEIY)) @ LC-MS 70#r

UVI9OnmiZkF 370~ 77 L8R 72, £/, 7R EGHEE 90 D/ T-&.
BIXO Ui, 21fi. 3ffiics T3 7o b YAIHED mifEx R L 7=,

KT, ALEARK L 725788 EG HE 90 & M 2 5% SwE % H > C in vitro BER G %2 AT
W, RIEICHTT 5 SwE OBRUIEME R FHIT L 72, S ORI E 2 T E AR
FHROMEZIED L, ARG U1 H L 7250158 EG 28 90 o fEHY) % HPLC 5
352 L7, B SwE OBEEZEICICHEL 72, Figure 5-6 1</~ 3K IC CRESE SUCHK %
BL7-0b, FERSEHET., KbhT 2 KERICE 72, 20, BERGRICEED MeOH
EFMACRIGE 7 v F L, o AK%Z HPLC IS THHr L7 (Figure 5-7), % D
. IR EG HH 90 ok & Bk FEFE S FRE R TR LAY Y — 7 DK
DR X N7z, STz EG HE 90 125 W T, C KidD p-Leu LBMLL 5 2 MIGHIZ N
i 1 620 p-Val, N &K 520 L-Lys fll#87 I v, & X O N K 362D L-Lys {fll$H L-Tle T
H 5o, 3FHEHEOBRA (92-94) BHEE SN S (Figure 5-8a), % T, #H7zIELLER
LR DL AEEZRET 2720, LC-MSMS ICX 2T F K7 77XV + D %{T- 7=

(Figure 5-8b), % DfEHE, head-to-side chain BR{LIK 94 ICIRIE I N DT F K7 77 XA v b
FEBORE L 72, FRic, KT OFRETRT m/iz 487.3. m/z 6154, BX W m/z 7145 %73 3
DDRTF K777 X M, head-to-tail BR{LIA 92 % head-to-side chain BRLA4 93 T ld R H

4
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LISRVWERILK M FFEDORTFF 7772V b Th b, ZOMBEEREE 2. Bk 94 0
AEAER LA L., BEERY L HPLC O/ 7 AMERERZ KL -2 25, 215
2—E L 7z (Figure 5-7), LAEDZ &6, RERIGIC X Y 4 U2 LEYIE head-to-side
chain BR{LAKR 94 TH B Z L AL & 7o 7z, RFEERICH W72 0188 EG FE 90 13, C
RIf®D p-Leu LEYLL 5 2 IGK DS 3 D FIFFET % 25, SwrE OELELEIRMEZ 5 £ <A
% T & THI® head-to-side chain BRAUAAR D & % BRI ISR AT 5 Z L ITKI L 72,

Reaction conditions

20 mM Tris-HCI pH 8.0

200 pM Branched EG-substrate (90)
10 uM SurE

H,O up to 100 pL

rn,2h

!

HPLC analysis

Figure 5-6. 77157 EG £E 90 & SurE @ in vitro BE36 K6 D IG5

H,N

p-Leu
p-Val

O i, 9 4 oYy, o9 )\
J\Aﬁr%ﬁr¢ O o | 8
0 = o o) o y
\ I/NHZ

HN._O

Glle NH4<'
"7 TNH, Branched EG-substrate (90)

(crude)

Head-to-side chain

cyc-90
Solvent peak
Jﬁ Head-to-side chain
= cyc-90
< :
S :
= I AN 90 (crude) + SurE
s |
-% 90 3
5 ~ 3
a2 :
< : 90 (crude) only
= |
i |
L /\ Synthetic std.
0 5 10 15 20

Retention time [min]

Figure 5-7. 735 EG 2E 90 & 2 SurE % F > 72 in vitro ISR JUG
UVIOOnm IZBF b 7u~= 77 L%zmRLi,
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ﬁ\\r\m2 H,N
HN

Head-to-tail 92 Head-to-side chain 93 Head-to-side chain 94

H,N
b) éﬁ f ﬁr
o i o W
HoN N N,
H o]

2
m/z 299.2 m/z 487.3 m/z 526 4
H N HoN HoN
o g\(o gﬁ(o
o} o Y4 \..
HN HN NH HN HsN NH HN
o HoN o HN o
HN HN HN
00 N o) HN\QW O Q  HN
LD (D AN
NH4< NH4< NH4<
4 5 6
m/z 615.4 m/z 714.5 m/z 842.6
6
842.70
5
714.54
3
526.34 51545
2
1 487. 30
el m i
L] h l‘\ Wb HJUA H\ il l I “ “l Il l Ll ol b Mhl NI l A do Job i bl
0 200 400 600 800 1000 m/z

Figure 5-8. F¢ESICAERYI D LC-MSMS ICX 2T F K7 77 2 + Ofiftr
a) BERKIGICE WAL S 5 3O 92-94 DAL EHEE

b) B4 MIGA WD LC-MS/MS fi#tr
Head-to-side chain M ffH DR 7F K7 7 7 A v F ZREB TR L=,
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—J7C. EGHE 90 © T8 N Kimikte % L-lle 1T @ L 72 0I5 EG 38 seco-surugamide

B (BK(I-NH2))-EG (95) % SurE O in vitro BERI)GICHE L 7256, EGHREIXHEAT 2d D
o, BlUALREoSTRETRT 2 20HiftAYr—2 (96 5LV 97) DAL 72
(Figure 5-9), BRLADILAEEZRET 270, ThThofbtEY e — 27 I1cxf LT LC-
MSMS IZ& 2 _TF K777 A2 DNt %17 -7 (Figure 5-10), % OFEHE, 96 (3HH
C KU D p-Leu & N KD L-Tle TEAL L 7z head-to-tail BRILAR, 97 1ZFE C KD p-Leu &
L-Lys il @ 1-1le TEAL L 7z head-to-side chain BRILIATH 2 Z & 23HBH L. SurE DR G
CXORIBEMAORAYPERTE RO E Rz, LD 5T, KRFEICLY
head-to-side chain BIBRR~ 7' F F 2 @#IRICHER AL T 5 7201013, BERIISICHW S =T
F FERALBER O VIAREIRMEZ I U & L BRI Mg e | Zhic ko R EG
FEEON TRV EETHDL LEZLNS,

60% Oy NH HN
—- T Y
e DLeu O/: O@LNHQ

rﬂ\ /YN\)LN/YN\)Lir i /YO\/\O SurE Head-to-tail 96

H,N

1l
He wy,  Branched EG-substrate (95) 2% “““
: (crude) 40% N/W %i( &NH HN
L 297 o

O0 HN

c Solvent peak Head-to-side chain 97
c —1
S 96 97
- ' '
® 1 3
-é )b [\ j\ 95 (crude) + SurE
=3 : :
o
] 95
G Ve
3
95 (crude) only
0 5 10 15 20

Retention time [min]

Figure 5-9. 77158 EG 52E 95 & ¥t 2 SurE % F > 7z in vitro B35 XS
UVIOOmm icksF s 7u~r 77 L%,
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[0 wN (o)
A o HN
(o) “ (( (o)
\/’.’f\e\\NH HN HoN )
OxNH HN k
)\T :\l\ ran © L NH HN
NH HNT\NK HN™ "0 NHZ
ﬂL So- \hL I\
.0
NH,
Head-to-tail 96 ! 2
ead-to-tai m/z 341.3 miz 469.4 m/z 5254

HN o
5 - 0
898.74 \/\80\\ 7~ E 5
> NH HN =0+ NH HN
1

O NH

NH NH

A\E/NHZ Oé/\f/n
@2 4 ®/ °/>—<_\

200 400 600 800 1000 m/z m/z 686.5 5
m/z 898.6

m/z 412.3 m/z 540.2

; g% 2%
842.66 é: T X

Head-to-side chain 97

NH HN
HoN

3
61647 . 450 0 o HNTQW
) | W @
B o)
412.21 540.41/ %- “““ NH

‘\.MM“! ul
200 400 600 800 1000 m/z m/z 714.3 m/z 842.3

Figure 5-10. B35S AEBYIO LC-MSMS IC X 27T F K7 7 7 A v b DEHT

a) Head-to-tail Bi{b{Ak 96 DL FMEE & LC-MSMS IC X 2~ 7'F K7 7 7 X v M#kr
b) Head-to-side chain BR{L{& 97 DL FHEE L LC-MS/MS IC X 2 X7 F ¥ 7 7 7 X v Mgkt
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VU Head-to-side chain UERIK ~ 7' F N DAL F—ER G K

RIS T, ~7 v % 7R c OB RIS % i 3 2 SwE DR & U N Ri%H
T2 EG HE # M3 2 Z & T, head-to-side chain BERIK~ 7' F F Db — BEFE AL
FERMEL LT, KT, IR BG BB o — GBI 2 EES 2 <. B 2R EG AAE
AR L, SwE °ZoFEn VR, L URERE D TE F A4 v %H T head-to-
side chain BUBR ~ 7' F F D L —BER G 2 il A 7,

¥9. AFEICHIT 5 SwE O EEAHIPA 2 AT 5 <<, SB-EGEZETAVIEE L LT
LITICRT 6 EEOSIER EG HE %A L7z, T7bbH, SB-EG #fKT 5 N Kinfllo
6 I E 1 I T O, FIficHVZ L-Lys & L-lle b bV _XRTFF2=y P TEIEL 6
T O I 7 BG 4 98-103 % &% L 72 (Figure 5-11a,b), 723, SB-EG @ N Kifii L-Ile %
VARTF Py MICEBL 7208 EG L 98 Tlk. N KU L-Lys @ F T head-to-tail
BAUKIGER SRR EZ b N KT I v 7 F AR CiR#E L 288 %
vz, 72, AR 7208 EG FE 98-103 DL EII MSMS ICX 2R TF K7 572
AV MEFTIZ X > THRIE L 72 (pp. 283-296, Figure $93-S106) ., /77 EG #£E (98-103) #%
fbFERK L 7=0b, Mz SwE % 7z invitro BER ST L, BELRIGC O HETT % HPLC
I THHT L7z (Figure 5-11¢, d 35 X UF p. 233, Figure S7), Figure 5-11¢ T head-to-side chain
BLRIGET L 288 % 4L v VT, T AT AEONKSRKIGHET L -5E%H
tBTRL TS, EITORE. DI EGHE 98 99 D L 9 BRI A X3P REOKE X
L RE WG E TR, BN Rin & C RKinTERAL L 7z head-to-side chain BR{bA&~
CERMICEW I NG Z Lo LR o7z, ZD—J7T, 100, 101, 102 103D X 5 7%
BRY A XBHIEINS K R 2 B ZH W56 I RIUEDERIIPERTH Y, =271
DMK FRIEBAHEFT T 2AER & o7z, b, BRKISICL Y & U BREe
MK AR DAL HEE X MSMS ICX 2 _TF K757 A MEITICX > TIRIEL 72 (pp.
284-298, Figure $94-S108), Hiffi, ¥ X O LFLOFEERHEE S &, SwrE 1% 7 5RFEAM L L Lo
BREOBRY A X% H 3 % head-to-side chain BELK~= 7' F FOGHICEHACTE 5 2 & 2385
VAR AR AW i
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a) b) 9)

H' 98.4% 1.6%
DINHZ YH*LK*DA*LI*DV*LK*Ll*DF*DL\WO\/\OH 98
HN" Yo o |_‘| o
L‘I = HN—pV— LK*Ll*DV*LK*Ll*DF*DL\WO\/\OH 99
1K I
A\ u . 95.7%
Hog HzN*DV*DAlefLK*LK*Ll*DF*DLYO\/\OH 100
LK-Ll L‘l o ] 86.8%
dipeptide unit HN—DV— DA—LI—DV*LK»LI*DF*DLYO\AOH 101
il 0
B9 : Head-to-side chain HN—pV/— DA*L'7DV*LK*LK“DF*DLYO\/\OH 102
cyclization u © 10.1% 89.9%

|
B : Hydrolysis of the ester bond H.Nn—pV— DA*L'7DV*LK*L|*LK*DLYO\/\OH 103

0 20 40 60 80 100
i 0
d) Conversion (%)

Head-to-side chain cyc-98 (98.4%) Head-to-side chain cyc-99 (98.8%) Head-to-side chain cyc-100 (4.30%)

Head-to-side chain cyc-101 (13.2%) Head-to-side chain cyc-102 (4.80 %) Head-to-side chain cyc-103 (10.1%)
Figure 5-11. 77152 EG HE 98-103 & i 2 SurE % F V> 7z in vitro BEFR SUG

a) V7T Nz b ofLEEE
b) Invitro IR I)GICH G723 B EG BEE o 7 3 BRECA
LRSI D 2 BE 2 R TIR L 72,
¢) Invitro B3R )G D HPLC 73T Dt B
Head-to-side chain B{LIED LK % A L v P, NUKDMERED A K % FH TR L7,
d) Invitro BE3E NG T4 U 72 head-to-side chain BBk~ 7' F N LA MhE
5 S0 CAE R L 72 head-to-side chain B{UfA% [Head-to-side chain cyc] &FEL 7z,
F7z. 1y aNic SwE OBYLRIGIC X 2 BMUARDOAEREZ R L7z, 7. BLHo
I 2R TR L 72,
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By 4 XA X D /NE > head-to-side chain BERIR~ 7 F N~ % Hf5 372 ®. SwE @
RE 1 JEHR Woll & W TR EG B D in vitro lER G % 54 72 Woll 13 5Eik o i
D, ViEEEEEZE T 2BR~F <7 F I wollamide FHD A AR ICEI S 3% PBP-type
TE TH Y., CARIgHEHMERE & N KRG L-Trp TD head-to-tail BRALSG % 3E R AT I il 4 2

(Figure 4-22), % Z C, BHLREIEKIA seco-wollamide B1-EG (85)Z ik 3 % N Km0 5 5%
a1 EETO, LLys & L-Trp b3 Y7 F F2=y b CiEff L 7z 5 O IR EG
B (104-108) ZAL2EARLL 72 (Figure 5-12a,b), 723, 85D N KU L-Trp 2 ¥R 7 F I
2=y MCEEL 208 BG BV 104 TiE. N KU L-Lys @ $84 T head-to-tail BRALKG %
R TAREREZ ONZ72®, N K7 I v a2 72 FVECREL B LAV, C
NI EG B 104-108 % A1 X Wold & FAV> 72 in vitro BRSO L. BRALG D it
T % HPLC I T L 7= (Figure 5-12¢,d 3 X O p. 234, Figure S8), % DFEHE. 4 FHIKIG
ZRIT L. 108 LD+ RTORE T > T head-to-side chain BIBRIR <~ 7' F F 0 4=
FRER X 7z, & bIT, MK ED AR A2 5 & & % HIVIZ 50% DMSO 7Kz i
THERIGET2728 24, WTFhoREHICE W T BRIUEDO AL M LS 5 2 & 25
bk ot, k., BERICICHAWZ2IER BEG HE & BEERICIC X 0 4 U 2B bR
MK IRAE DAL X, MSIMS ICX B_TF K757 2 MEFICX > THREL 72 (pp.
299-312, Figure S109-S122) .
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a) b) c)

NH
2 ‘W
WL 0% DMSO
NH. — -

92.0% 8.0%
.., NH; N—LK+ L —pl=—1V—tN-bR_o_~ 104
OH 96.9%
" Lo T T 50% DMSO >
W LW 46.2% 53.8%
.- | 0% DMSO
K HzN*DAfLK»DL—LV*LN*DRYO\/\OH 105 77.1% 22.9%
/£ o 50% DMSO
9 97.3%
bl Hn—pA— L LV‘: V—LN-oR~ 0 106 O°PMSO - :
N—DA— LL =LK lV—LN-» ~"oH 52.8% 47.2%
KW I( 50% DMSO
dipeptide unit W 60.4% 39.6%

0% DMSO

|
HN—DA— LLfDL*LK*LN*DRYO\/\OH 107 73.6% 26.4%

0 : Head-to-side chain
cyclization W

B : Hydrolysis of the ester bond #N—pA— L —pL -1V — LK’DRYO\/\OH 108

50% DMSO
0% DMSO
50% DMSO

0 20 40 60 80 100
d) Conversion (%)

HZN/};))k HNf\ )\ NH;
@g\jo“” g &jkm HN/\rrN\)k I\\L;% o0 i qu -

° 7

HN

HoNT SNH HNZ “NH,
Head-to-side chain cyc-104 Head-to-side chain cyc-105 Head-to-side chain cyc-106 Head-to-side chain cyc-107
(92.0%, 96.9%) (46.2%, 77.1%) (2.7%, 52.8%) (60.4%, 73.6%)

Figure 5-12. 5757 EG HE 104-108 & Al 2 Woll % > 7z in vitro BESR T

Q) YRTFFa=v b oL

b) In vitro BEZR SIGIC A 72 3 I8 EG FE 0 7 2 BRECA
RALR OB Z REATRL 7,

) Invitro B3RS D HPLC 7307 D #f 5
Head-to-side chain B LA D K 2 A L v PV, KRS MED LK 2 BB TR L 72,

d) In vitro B35 )G T U 72 head-to-side chain BUELIR ~ 7' F F DL A&
P 5 IS CAE R L 72 head-to-side chain Bi{t.{&% [Head-to-side chain cyc] &FCL 7z,
T 72 A1y aNIC Woll DEALKUGIC X 2 BLIRDERFE %R L. 0% DMSO /KIFHR
RGO EREZ I, 50% DMSO KIS 2 V2B ERE 2 41T L 7=,
¥ 72, BRALEOEREZ R TR L 72,
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KT, fERBLD TE F X 4 vicxt3d 2 408 EG BLE 0B % MGk L 7z, AFEBRCIk, B
K2 7F F tyrocidine A DELGICEIS T % TycC-TE & H LIKAEZ 1T > 72 TycC-TE (X
Figure 4-24 TR Y, CHIGL-7 I /L NKUiD-7 3 VECTO~T 1 % 7 LR
T® head-to-tail BALKIEZ S 2, 2 2, BRCAEALZ D LIV ICR T8 EG
HHE 109 2 eFa L, Mz £ v o378 TycC-TE % H\ 7z in vitro BRI )IG 2 1T\, BRAL
SOGDHEFT % HPLC IS THlT L7z (Figure 5-13), % OFEH., I EG FUE 109 13 FER K
FERNCIER L, 91%D B # TERILIK head-to-side chain cyc-109 ~Zfa X 5 & & H3HH 5 5>
Lirote, b, BERMIGIC XY A4 U BRUAR O ARG X A RS & © A T L RFFIRERH
D HHRIC X Y PE L7z,

p-Phe o-Phe
- e - ﬁ L-Leu
N" 0o ’ [«
HN

-Phe L-Phe

e O _NH, L-Leu
NH
[¢] o o o] [*]
H H H H _ H /g/go
%ﬁ(@(“ﬁm N\)\NgNQkNj;TN\)\N/d;O\/\OH TycC-TE Ny N;QLN O O NH
N R N . IR PP I T oH
o o o o] o O SNH N
)=o L :
HoN NH.

2
OH NH;

Branched EG-substrate (109) °

(crude) . .
Head-to-side chain cyc-109

Solvent peak

1 109 hyd-109 & Head-to-side chain cyc-109
£ | L !
o o~ 109 (crude) + TycC-TE
3 i
®
&
g )\
7} 109 (crude) only
Keo)
@©
>
> I

l\\/¥ A_ Head-to-side chain cyc-109

i (synthetic std.)
0 1 2 3 4 5 6 7

Retention time [min]
Figure 5-13. 77IE% EG 58 109 & ## 2. TycC-TE % H\> 7z in vitro B3R SUG

UVIOOnm iZEBF 3 7u~t 7T L% R LTz, $7-. BEKIGTHER L 72 head-to-side-
chain BRI, ¥ X Ik #AR % Z 1L Z 41 [Head-to-side chain cyc ). X U8 [hyd| &
L7z,
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ARFHEICH T 5 TycC-TE O EE 0 I HIPH % MGk 3 5 729, Figure 4-24 T 72 BRALATEX
R EG HE 87 Z MR35 N Kbnfll o 95K % 1 783 D, L-Lys & D-Phe 2272 b V=7 F
Fa=vy FCEfaL 72 9 EEHOMIER EG E (110-118) % L& L 7= (Figure 5-14a,
b), ZIHAIER EG E 110-118 % fl#a 2 TycC-TE % F\>7z in vitro BEESG I L, B
LG DHEFT % HPLC I T3t L 72 (Figure 5-14¢,d 5 X UF p. 235, Figure 89), % D& R,
BT OREDPEHEREAFHICIHA L, head-to-side chain BR{UG D U < AZINAK D SG HSEEL T
TLZENHL LR o7, FrC, BRI A XDORZWEE 110, 11 ZHWZERICiZ. 70%
PLEDEWEIZET head-to-side chain BUBR{UIA~Z T 7z, E72, KEERICH W TH L&
& [ABRIC 50% DMSO /KETRHF CIEFRSIE 21T 5 & & T, MK g o i & BRI O A pR
DAl LR X 7z,

DL OGRS B A 5, IR EG FEENE SurE ISR S, BiA = 7 F FERLEERICHR L
THHEHARETH 2 T L L e o7z, AW TR 72 SurE. Woll. TycC-TE [Z\»
. b & D& head-to-tail BRALKICICHEHML L 72 =7 F FER{LIERE CTH 5 5. A5z Zzn
b I#35 % head-to-side chain BUBRIR R 7 F FOEK~EBEHTE 2 2 L 2R L2V DOHITH
2, AR THONLAAIZ, <7 F FRILEEEO S DISHFREEZIAT 2 L & bic, &
B, IV CEMATREET 2RI F FOER~LICHTE 2 2 L AW 5,
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b) 9)

oF 84.5% 15.5%
| 0% DMSO
H
— LK~ (P~ tF—oF=IN—1Q—LY-1V-10—L_o 29 o
TN LK=LP—-1F —pF—IN—Q—LY—-1V—1O—1 \g ~~on 110 50% DMSO 89.2%  10.8%
= 72.9% 27.1%
| 0% DMSO
HN—(F— K- LF—pF—IN—LQ—LY—-V—LO0— LLYO\/\OH 111 79.5% 20.5%
o) 50% DMSO
41.7% 58.3%
oF 0% DMSO
HN—(F—1P—=LK—pF—IN—LQ—LY—-V—LO— LL\(O\/\OH 112 44.7% 55.3%
50% DMSO
o
97 0% DMSO —
a) HN—LF— P— F= K- (N=Q—LY-V—LO— LLYO\/\OH 113 100%
o 50% DMSO
@ i7 0% DMSO 1%
0
.. NH, HN—LF—LP—F—pF— LK*LQ* LY-LV—10— LLYOV\OH 114 50% DMSO 100%
o 0]
oF B0 oF 100%
o= : 0% DMSO
e HN—LF—LP— F—pF—LN— K~ LY —-V—10— '—L\(o\/\oH 115 100%
A o 50% DMSO
H o oF 100%
| 0% DMSO
K-oF HN—LF—1LP— LF—pF—IN—LQ— LK~ V—L0— LL\(O\/\OH 116 100%
dipeptide unit o 50% DMSO
F 100%
! 0% DMSO
HN—(F—1P—LF—pF—IN—1Q—1Y—LK~L0O— LL\(O\AOH 117 100%
W : Head-to-side chain © 50% DMSO 0%
cyclization DF 0% DMSO .
B : Hydrolysis of the ester bond HQNfLFfLPfLFfDFfLNfLQfLYqVqK»LLWO\AOH 118 100%
o 50% DMSO

0 20 40 60 80
d) Conversion (%)

) ;>70 ~ OH %\ )\ )(LE:HQ
N\fhujj/NY\NH Q j?/ Ojfu N._O
5 ij H fo
N HN HzN\)L J NH.
R é% . O

Head-to-side chain cyc-110 Head-to-side chain cyc-111 Head-to-side chain cyc-112
(84.5%, 89.2%) (72.9%, 79.5%) (41.7%, 44.7%)

Figure 5-14. 77158 BEG 228 110-118 & AH#% 2. TycC-TE % FH\> 7z in vitro BEFR KG

a) YRTFFa=v +oftpiEik
b) Invitro TR ICICH W72 IR EG RE 0 7 1/ FERCY
BUCRISICBE D 2 BEE 2 Rt TR L 7=,
¢) Invitro B3R G D HPLC 7347 D #ifi R
Head-to-side chain BRILIRD AR % A L v P, IR RO LK % HEQ TR L 72,
d) Invitro B#3E )G T4 U 72 head-to-side chain BUERK ~ 7 F V¥ Db A4 iE
fi% 35 S6 CAEBK L 72 head-to-side chain B# Kﬁ"& [Head-to-side chain cyc| &&CL 7z,
F 72, A1y INIT TycC-TE DEAULIGIC X 2 BALADAERE /R L. 0% DMSO 7KIFH
72RO R %2 21T, 50% DMSO 7k7@#ﬂ%ﬁﬁb\fcﬁ%3@$)ﬂi$%7ac:% L7,
¥ 72, BbRoEE A R TRL 72,
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BHE k) V/IALA=ZvIAT—v a v oitHIC X 3SR

i COWIFEIC T head-to-side chain BUERIK~ 7' F F ORI (b F —FEEANA 7Y v F
ARERE L 7oo ARFETIE, MEMERZ1T O 2 & 7 @D D @l ©or I IR
EHAR T 2 LB TE, HKBERRIICICE N THEAD head-to-side chain ER{LAA % LR
DIRETRZ LB TE D, XD, AFiRE ) VAL A=V IAT—vavD L)
AL BRI G % A B b 5 2 LT, BIR<TF F oG & %k O FHE AR
& HGE D ORPRINICEMTE 5 LER DN D,

€V V/ALA=v T4 =+ 2 (STL: Serine/Threonine Ligation) (%, 2010 fFIC &K
¥ Li bOWFE I N — T HFAFE L 72 Ser/Thr FEILERM 727 I MG TH 5 "4 (Figure
5-15), ARIGTIE, vV ¥ V/HEERATAW T, salicylaldehyde (SAL) ester & Ser <° Thr ® X
FBRT I TN A—NERAET ST LT, BREERN > O 7 T o VIR 28§ T
L. x5V ) v hRB3ER ST 5, 20Kk, BRI X 3K ICICHES 2 2 & T,
SAL Otttz > T7 I MUER KT 2, STL 1&. RIGHRHFICEE D G E R 377
T 258 TOENACAEBRECHEDT I FVEE252 2570, 2V 08D 7 77X
vV FERRERATF FORBRIR(L R & ZHETICAA RS NTn D T, F /e, Ful
TldduimE R o)A BlLded © Diffse 7 v — 75 STL Z M L 72 polymyxin 758
ROWLERBA & in siu 227 ) —= v 7Ll Lz 18, KFETIE, BRR7F oz *
v =V 7l STL IC X 2HOEERZ > — AL RICITH) LB TE L7720, RBEMEY b
BT Z A3 5 polymyxin 755K L kMR R 1EIREY 72 polymyxin 7554 2 A= 1y I Bl Hi 3
52 LIl T,

Serine/Threonine Ligation (STL)
1) AcOH, pyridine

H [e] (6] R H (0]
\{N%O . Herku/‘x 2) TFA, H,0 ,Au)Yka”/\
R e} H HO OHO

H/Me H/Me

SAL ester Ser/Thr
H
OH
}NH o] ILNH o
_4 o]
s o [1,5] acyl transfer R
N f oy b A
N, N N
" STV
07 MHime OH

Figure 5-15. vV V/ AL A =v 45 —vavicks7 Ik
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ANFFE CHENZ L 72 head-to-side chain RIBRIK~ 7 F F Db — RS IE~D STL D
AJREME Z #RGIE 3 % 729, Figure 5-7 TOREHERIG T L 723E 90 © F8{ N K p-Val %
D-Ser ICEE L 72 47U EG FHE 119 % #7172 1C3%ET - &L 72 (Figure 5-16), 7xid, FHEIL
725 EG HE 119 DALEREE X MSMS IC X 2 X 7 F F 7 F 7 X v MENTIC X > THRIE
L7 (p.313,Figure $123), HE 2 &M L7205, KEWEEZITHTIC 2.5mM R 119 &
25 uM DA 2 SwE % &R CR A TR L, FWILTHREA v Fax—1t L7z, BERIOE
% HPLC IZ THir L 72458, 0 I8 EG HVE 119 23K L. & EYICERILAR head-to-side chain
cyc-119 ~EHa X N2 Z EABHL 2 & 7n o7 (Figure 5-17a), RIC, 50 - BERKIGRD
B Z HRRZBRIC XV BRE L, ¥ Y VEBRESRIR T M RE L 72, 20k, Fohlk
IR AVATRIC biphenyl-SAL ester 120 # il 2. 30°CTRIEA v F 2 — b L, KIEDEIT% HPLC
IZToHT L7z (Figure5-17b), % OfEHR, BRLIK head-to-side chain cyc-119 237H K L, E &I
A XYV Y R 121 NSRRI T, RIBRICEBRZ R L 50% TFA KIEHIC X 2
K EZ1T 5 & & T, biphenyl F5EAK 122 #1532 Z LI L 7= (Figure 5-17¢)., 7z, B
F G THE U 72BR{LIR head-to-side chain cyc-119, 35 X N % @ biphenyl #5844 122 DL 4
X MSMSIC K BT F N7 572 MENTICX o TRIE L7 (pp. 314-315, Figure S124-
S125).,

LAEDWRGEED & BERIICI D & 5 e KMV D388 3 2 RS 2 w72 35810 )
STL (X[ 7 <#EfT L. HID N RIHEMEBR~ 7' F FFHERZERIC G 2 5 2 L2
L& Tr 0T, RFIETIE, ARHIIAD O &R ICH T OFR TR L2 —V{Tb 3 IcH
Effi~7"F FOEKE Z DFEREFMZITI 2B TE D, 207D, KRFELZERRLT
FrFDIAT7T7Y —BR~EEHT 2 LT Blr2MRNZE Y — FMLayoflt~ &
JICHTE 3 2 LR E N3,
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p-Leu

D-Ser
O iy 9 4 2 oo
H,N N/YN\:)LN/YN\:)LN N N/YO\/\OH
o Hoo M o M o )
T

HN (¢)

L-lle
/,JINH Branched EG-substrate (119)
2

Figure 5-16. 77IE% EG B 119 oL i

DSer
:l)k /YN\/[L NH HN o
. o
119 (crude) — .
O 07 H
SurkE Biphenyl-SAL ester 120
Pyridine/AcOH

Head-to-side chain cyc-119

O
‘Nﬁ M : ‘\‘Y s, WM @ i

_ 50%aq.TFA @
? +++++ a7

Biphenyl analog 122 Oxazolidine intermediate 121

Head-to-side chain
cyc-119

E ’ A
o a)
(o]
= 121
©
5 A A b)
g
2 120
s = 120 std.
5 122

- . \ N 9

6 ' 8 ' 10 ' 12 ' 14 ' 16 ' 18 ' 20

Retention time [min]

Figure 5-17. STL DI X 2BHR~ 7 F F 0 FHEA{L

a) Head-to-side chain BRALAAR D A= K
by A F¥ VUL vHEE 121 D4R
c) Biphenyl i3 {K 122 D4 K
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. S

HNHET NG

I FhEOX LD

FAFETIE, SurE OEFMBE L L Co@EMHPHDOLKEZ HYS L. head-to-side chain B35
IKRTF Vol —BREAER A7z, BRI THEY L 72y — BERG ATl A
TE BB~ T7F FlZ—H L T head-to-tail ERIRR 7' F FOAICREIND 2D, Z DB
LK DZ L I BHETH o7, £ 2T, ARERNTIED S ER 2GS 0B H %
SurE OEEZEIGICH 5 & & T, head-to-side chain BUERR~ 7' F F DR A 2 IZEK L 72,
AFiEIE, @IELrOEMETHBRET 2 MG 5 Z L3 RETH V. Z DBRDOIEHEK
JGIC BT H EHRDOBRUAED B ZEIRNICE 2 5, 72, RTFIEIC K D head-to-side chain
BBRS 7 F FOEKIE, SwE DA% LT, % Ofthd PBP-type TE CHERKMD TE F A £ v
IR LCHEMARETH o7z AR TRHONLALIZIEY K Y — £~ T7F FELBEED
L OICHAREEZ AT 2 & & bic, FERMICII X D SRk CEMR B E B T 2 8IRR 7T
FORIH~LISHTE 2 2 3RS N5, F 72, PBP-type TE 135R{Lrit 72 5 7 I/ W&
H O LAITH L CEE mBEREZ R 3720, HEOKICA P EET 2 5EICENTD
fLEEIRN 2B R TH 5, £ D70, BERINABELIGCICHG N T D o7z
RIGRZ B#20 & LTI bh sEREMAFETH Y, EEE, BERICKRZER ST 5 C
LY VALV A=Y IA T = a vitEERT S 2 LT v — AL ACHERR 2T
DT EBTE, S5tk BRARIEV KY — LT F VBR{LEERZ AT E~LEHT 2 2 L
T, BIRRTFFI7A4 77V —oEEey — MUEYOMHREN RAIHICHEMTE 2 2 & 28
ez s,
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FONE AR L

T I NS EMCA R 2 v o2, RAABRILEY. EERSLZ oA
TR IR 3 £ ClRILCLEDOEREK ZIEK T 2 EEl cisakcHd s 1%, 2o
e, T IFRAEBERIGIETARAK FRSEELRIGO 1 2L LTHEDSTLNTEY,
Z DR E R OB EEIRE L 72> T3 119, 20 HALICAY . EWEE~7F K28
B HEERE SN v, 2o~ 7 F MUAYOMEN GO LEMEDHE L Tw»
o7z, Robert B. Merrifield & iC & %~ 7 F FERHEGEDRAFE 120 2 2 FYI Y ic, ARy
A 3 F RIS BOP Aildi e & KGR IC BN MG A O BAFEMTFE 2 B A I T DA, 1EH
K275 2@ E» oI LA T 5 Z EBA[REL 7o 72 121255, 2 o—J7T, BIR
X7 F FOFEERICH TR, ~7F Vi C R0 e x V1L, a3 50 1

CXBPERET R AR THM AR 2 L H e T o0k LY, ARARATEL
ZHRRICENTOREL S OFEZIKL TV 5

—/T T RAPOLRHB I NIRRT F FOEERTIE, EXTF FICFHEL2xTF
FERAUEER R 55 T, REEEZH W2 2 & (ALERFERN 2~ 7 F FERALKIG % &)
RIS 2, 20720, ZHOBREZEEMEL LM 5 2 LT BiFoaE
Z M 2 R CEREEFFIE D m WERIR~ 7 F FEBGE DML AIFF T 5, AWIFET
X, BT~ 7 F FEIUBEROFE S L U2 OB RMBEOFFE 2@ U T, ik o R I
o fHA 72,

TETIE, NRPS IC X W AEGH IS surugamide FHOAEAKICEHRH L. Z oA 4t
BN, T 70 b EREA BTG D ~ 75 FERCENE & ko i o diHZ Bis L
FeIcE T L7z, BEIRA 27 £ <7 F F surugamide A-E DELBGER T2 7 A & —ic
—fRII7ZIEY R Y — LRBLRR 7 F F oI B W TESK T EEOERL 2 il 3 5 TE
FAXAVYHBRBLTED, THE TIRIEGID 0 Hi 7z 2 IC X 0 SR B 23 i
BEIND Z & DREI NI, Surugamide FEER D7/ LAEH Z FEMIC BT L 72 53R
surugamide FADEGHIEIE T 27 7 A X —D Ejitica—FE N3 Orf & LT swE Z R L,
KREERDB~=2 Y vtz v 578 PBP L HIFEEZ RS C & 254 & L7z, PBP I3MllE
DOHIEEEEG I WTT I MR 2 S 258 CH 5 2 L 2>, SwE b PBP &[]
BRI X 0 SR AP IR OB ROG % it 3 2 vREME 23 E 2 bz, % 2T,
BIZTHIEIC X 2 invivo B, B X UM EEER SwE Z w7 in viro EERZAT 0,
surugamide A-E A IC T 5 SurE OHEREZ fidhT L 72, % OFER. swE Bl FZ2 KB L 7=
FECI3 surugamide A-E DAEFERHELT L2 &, T2, RIGEICX D FHE L 72 H e 2 B3R
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SurE 7% surugamide BRAUATER{AD SNAC FE 2R X CBRILT 2 Z L 2B L 72, DA Bk
B2 5| surugamide A-E EARKIC I T 5 SurE %A L 7z 8R4 G B AR o BRAU B % fig e
L7zo SurE 1. NRPSAEAKICE VTR~ 7F FERILEEFE CTH 5 TE F A 4 v PCP
FAA V2o DEEMRFEIEOUIV L ZEHS Cr F X4 v, R F AL vE e HAEZ
RERW—JC, PBP LHHFEMEERT, ZDkDH, Tk NRPS E/KICE T SHH~T
F FER{UIESE “PBP-type TE” L (i 1F 7z, & HiC, SNACHE %W RO EERIC X V|
SurE I3BR T 4 < 7 F F cyclosurugamide F DAESKICHEEG T2 2 L #HO I L2, &
I X Y, SurE (F surugamide A-E & cyclosurugamide F & \» ) AL CHHE 2 B 5
2 ORI~ TF FOEGKICEG T2 8o » L), BRAEEEREZET
ZR7FVBRILBERTH S L mB I 7z (Figure 6-1), REDOWFEIC L b, FiH
FEVRY — L7 F FEALEESR SwE % [FE L. NRPS G OB IC 35\ TR 7= A
RaefGiz e & bic, KEHEDERME L L COMMRTRENEZ R L 7 126128,

Streptomyces sp. JAMM992

A

SUurA surB surC
PBP surugamide$8% S REEFITRAT - o
SurA/SurD SurB/SurC
—)
S b o8 @? 0y O
DLeu DLeu o =% 2 Y Djlla\'/ ° tj\I/a
DPhe DPhe NH HN o Vlal VI HN—7

lle lle OgeNH HN I\ bAla DAI|a o NHHN

Lys Lys )\‘INH HNLO Vil T va

D\}al D\}al OJ\,N H DLIeu DLIeu ?\ ﬁ
lle lle @/ H_Wf\\\L (R)- AMPA (R)-AMPA

I
lle lle surugamide B (SB) val val cyclosurugamide F
" lu (8 amino acids) oLeu oLeu (10 amino acids)
2 2 ] |
Trp Trp
b, "

Figure 6-1. HHIIE Y K Y — L <=7 F FEUEESE SwE I & 5~ 75 FEAL
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BEE T, B RIS CRDE LA FTHl~ 7' FEUEESR SwE I L T, AEEREZ 1T
UL L7BREMT 21T o 72, SwE (3. B HOMRE»r O WA GEERE2H T2 L
DRI T, % OB EAEIE S AR R 2O T o, £ 2 TARE
T D SNAC FE # LA L SurE D in vitro BERIGICHE T 5 2 & T, KR O
Bl —inz IS 2 2 L Z# HIG L 72, BEED#HIER, SwE 1T C Kiwic p-7 I /&, N
KIFIC -7 2 VA AT 2 8RB D head-to-tail BRLKIE 2 EIRMY It 3 2 R <H 2
TEBHL Loz, T2, BERKICICH WS SNAC HEDT 7=vAF ¥ = v 7Iic X
Y. SurE (ZEEESINEROEE I L CTRAEREZ RS 2 e ArnB Ik, 4. k
SICHFEL T SwE @€ v 7f##E (PBP-type TE) DR & FELERMOBGAEZ 1T - 72,
AR R v o2 LTE LN 2 FED PBP-type TE. SurEjss & SurEises ISR LT,
surugamide B DALY % b & ICERET L 72 SNAC HE % W C in vitro BBERICZ T2 720 £ D
R, EH O 0RO AROIE L I» TN T I VBRI %H 35 SNAC HE %21
AN7zZ b, PBP-type TE 7 7 I U — 2R BEALIEERELZE T 2R TH L T
EDIELRB I Nz, RKEOWRIC L Y, SwE % Dfth PBP-type TE D IE FEIRM: D i
LI L, KERT7 7 1) — KA e L CoRHTREEZ IR L 2 12,

HVUEE T, SwE OfFIAEZ HIET ECRELRR ML A v 7 THh o RHEERE DK
R%Z{To7z, MatOfER, Zffiic AFAlREZ/N7FCTH 5 ethylene glycol % [EIAH A A I HH 2
A 2 & T, SwrE OFE L 7 B HIR T F N &SI o EE o ic il o & 2 Y
BEZFE L 72, Thic kb, SNACHHE DL EAR THETH o7 O EH DIFEOK
T - QEEDOMEDRE - @ M AR EEOLEEZ BTk L, T, FFEL
7o A BGE Z BRAE U CH B0 G 2 W HIIIC AR L. SurE O BBGERM: % #E ICBGEE L 72,
Z OFER. SurE (FFE N KuRTEREE & BN oS I L CEREREE G T2 4 T,
BB CRImRIL I U IR B R 2 B35 2 e O 2 L o 72, SwE ORE C K
Ui RIS 3 2 R BRI A L T 5720, R J R Dsal & OREEICH D B
FWEZITo T2, ZDFEE, B4R SwE TIIB{LT % 22 - 7= C Kl Gly DRE % B ]
AE7e SwE ZRAEAEBAINT 2 2 L ICH L7z, ABETHRE LML E-BEALT) v F
HGRGEERBET 2 2T, T/ BOR» ORI N2 ARk~ 7 F F 2T Tkl
PEG D X5 %IE7 I 7 IR Z RIS ELERIR_ 7 F VORI AT 5 2 LIiCPL
Teo Fl2 AEL7Z CHRBG Gly DRRE 2 BR{ILTE 2 SwEZ R EZH 2L T, Xvoy
BT I BOATHERINIEIRLTF FLMELCARL, RFETAKTE 351k
RTF VOSSR IIRT 2 C L ICBI L7, RIFFEBRIC XD, BEEEEZ —~EH175
T e, MME»OEEISNECRIRRTF FEAKTE 28 - hTikmmEfen Lz 130
(Figure 6-2)

128



0/\/0 H

" v No purification steps
Hs™~Ny  High purity
o v High conversion rate
SNAC

H,N

¢
no~o@

Ethylene glycol

H

Sy
N,
Head-to-tail

SPPS PBP-type TE cyclic peptide

Figure 6-2. Afff9% CHfESL L 72 head-to-tail BUERR ~ 7 5 F DL — R G HGE

FHFETIE, SurE OEFMBE L L Co@MHIPAZ AR % 72, head-to-side chain BU5E
IK_TF Pl — RN A7z, BUEICTHEY L ZFETARTE 28Rk 7F
FiZ—H L T head-to-tail ERIR= 7 F FICREI N Tz, ZD7¥, daptomycin ¥
polymyxin {Z U3 X 415 head-to-side chain BIBK~ 7 F F O EMICIIARFEILEH T X %
o7z, £ T, ARG FTEDL OEREZGZ BRI~ 7 F % SwE OFHRERICOHEE L
3% Z & T, head-to-side chain BUERIR <= 7' F F DRER A & ZK L 7= (Figure 6-3), KTk
IZHTE & [FAR. SR O @ TR E 2 (59 6 2 L 23T, A BREICICE
WCHMEFEIRNICEADBRLE ARG 2 e B TE S, Tz, FFKL ZoBREE I SwE
LISk @ PBP-type TE RFEREI D TE F A A4 Vo LCHEHAFRETH o 72, REDFEECH
W72 SurE. Woll, TycC-TE I3 % & b & head-to-tail BR{UICICFHL L 72 = 7' F FERLIER T
BB, RIEIEZNOREHE % head-to-side chain HELR 7' F FOAKR~LBEHTEZ 5 C
EHRLIMIDHITH 5, R TRONIZAMAIE, FFYFRY — L7 F FERILERDOH
FTICHAREEZ G 2 T L &b, SR, KV ERCTEMAEREZE T 28R~ F
DRI~ EICHTE 2 2 L BFFEI NS,

o/\,OH
) H_p'"“z v No purification steps
Hs Ny o  High purity
o Vv High conversion rate
SNAC

4
no~-@

/O
N
H NH,
Ethylene glycol W
Head-to-side chain
SPPS PBP-type TE cyclic peptide

Figure 6-3. AHFSE THEST L 72 head-to-side chain FIBRIK ~ 7' F F DAL — MR & A%
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LAE. ARWFFETlE NRPS EAKIC BT 28I~ 7 F FE{LEESR SwE O FIE & BEREART .
B L OAREER O BN 2450 L 2 WE A HGED R R 21T\, BRIk~ 7 F F odEry 21t
H—WERAA TV v FERGEZMLL 72, EERAEOZEMNS EG HE IS T 2 SIGHE 7
EVK OO0 EEZET b 0D, Stk fEMEELZ XU o & L 72 #EFRWZ X PBP-type TE
DEEBRINT D 5 2 & T, BRI F F DR T — L&~ LB RIRE 72 77 ik o B 7S I
B2 TES, £, AFETIIRHEERELZ - L1T) 2 &l BRILEZ &M
DOBEMBHNETIFL B TE L7720, BRRTFVI47 7Y DRI E~TFF
AERDEICORECHMMTE 2D E R LN,
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KERIA

AWgecld, AT oFEREL & 32 w7z,

ES
AR L E
A=+t L—7
B RaE O
AHE O

KFE

TS 7 I

7'a vy 7 EiE
{E#IR & O B

7Y =Ry T

7 Hu— A ERKEN
T A u — AR E
2 o8 g R AR

F—~NH¥ A 77—
R I

SRR

DNA /& &

pH XA — & —

HPLC

UPLC

LC-MS

Elix®5 UV, Milli-Q Labo (Millipore)

LSX-500 (TOMY)

ExtraGene, CT15E himac (HITACHI)

CR 20F (HIMAC) angle rotor#R10A (volume 200 mL)
MX-307 (TOMY) angle rotor# (volume 50 mL)
KUBOTA®6200, swing rotor#SF-722

XS204 (METTLER TOLEDO) FX-1200i (AND Company)
FDU-2000 (EYELA)

BSR-M002 INCUBATOR (Bio Medical Science Inc.)
CLE-303 CULTIVATION CHAMBER (TOMY)+MULTI SHAKER
MMS (EYELA)

Bio Shaker BR-23FP, BR-180LF-70RT (TAITEC)

Biological Safety Cabinets CLASS II A2 (NuAire)

KBB1303L (AIRTECH JAPAN, Ltd.)

MARINE 23ST (FUJIFILM)

Camera DMC-LX100 (Panasonic)

Mini-PROTEIN® Tetra System, myPowerl1300 AE-8135 (ATTA)
WSE-1025 CompactPAGE Ace Twin

TP350, PCR Thermal Cycler Dice Touch (Takara Bio Inc.)
UD-100 ULTRASONIC DISRUPTOR (TOMY)

UV-1900i UV-VIS Spectrophotometer+TCC+100 (SHIMAZU)
BioSpec-nano (SHIMAZU BIOTECH)

SevenMulti (METTLER TOLEDO)

LC-20AD pump

CTO-20A column oven

NexeraXR LC-20AD pump

SIL-20AC XR antosampler

CTO-20AC column oven

SPD-M20A diode array detector

amaZon SL-NPC (Bruker)
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~ 7' F FEHA R

AL B AR

40% (w/v) Acrylamide/Bis Mixed Solution

Agar

Agarose S

Ampicillin
Ammonium sulfate
Ammonium peroxodisulfate
Bacto™ Trypton
Bacto Yeast extract
Bradford reagent

CBB Stain One

DNA polymerase
EcoRI

GenElute™ Plasmid Miniprep Kit
A-HindIII DNA marker
HindIII

Imidazole

Isopropanol

IPTG

Ligase Solution I
2-meraptoethanol
Ndel

OneStep Marker
pET28a

pUC19

pColdIl

Protein Maker

Sodium acetate
Sodium Chloride
Sodium hydroxide

Tris (hydroxymethyl) aminomethane

TEMED

PetiSyzer® (Hipep Laboratories)

(NACALAI TESQUE, INC.)

(NACALAI TESQUE, INC.)

(NIPPON GENE CO., LTD.)

(NACALAI TESQUE, INC.)

(FUJIFILM Wako Pure Chemical Corporation)
(FUJIFILM Wako Pure Chemical Corporation)
(NACALAI TESQUE, INC.)

(BD Biosciences)

(Bio-Rad)

(NACALAI TESQUE, INC.)

KOD One ® PCR Master mix -Blue- (TOYOBO)

(Takara Bio Inc.)

(Sigma-Aldrich)

(Takara Bio Inc.)

(Takara Bio Inc.)

(NACALAI TESQUE, INC.)

(FUJIFILM Wako Pure Chemical Corporation)
(NACALAI TESQUE, INC.)

(Takara Bio Inc.)

(KANTO CHEMICAL CO.,INC.)

(Takara Bio Inc.)

(NIPPON GENE CO., LTD.)

(Novagen)

(Takara Bio Inc.)

(Takara Bio Inc.)

(NACALAI TESQUE, INC.)

(FUJIFILM Wako Pure Chemical Corporation)
(FUJIFILM Wako Pure Chemical Corporation)
(FUJIFILM Wako Pure Chemical Corporation)
(NACALAI TESQUE, INC.)

(NACALAI TESQUE, INC.)
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A B A A B EAE

Acetic acid

Acetonitrile

1,4-butanediol

2-chlorotrityl chloride resin

DCM

DIPEA
Diethylene glycol
DIC

DMF

Ethylene glycol
HOAt

HFP

Methanol

Oxyma
Piperidine
Pyridine

PyBOP
1,3-propanediol
SNAC

TEA

TFA

THF
2,4,6-trimethylpyridine
Fmoc-Gly-OH
Fmoc-Ala-OH
Fmoc-D-Ala-OH
Fmoc-Val-OH
Fmoc-D-Val-OH
Fmoc-Leu-OH
Fmoc-D-Leu-OH
Fmoc-Ile-OH
Fmoc-D-allo-lle-OH
Fmoc-Phe-OH
Fmoc-D-Phe-OH
Fmoc-Trp(Boc)-OH

(FUJIFILM Wako Pure Chemical Corporation)
(FUJIFILM Wako Pure Chemical Corporation)
(Tokyo Chemical Industry Co., Ltd.)
(WATANABE CHEMICAL INDUSTRIES, LTD.)
(FUJIFILM Wako Pure Chemical Corporation)
(Tokyo Chemical Industry Co., Ltd.)

(Tokyo Chemical Industry Co., Ltd.)

(Tokyo Chemical Industry Co., Ltd.)

(FUJIFILM Wako Pure Chemical Corporation)
(Tokyo Chemical Industry Co., Ltd.)
(WATANABE CHEMICAL INDUSTRIES, LTD.)
(Tokyo Chemical Industry Co., Ltd.)

(FUJIFILM Wako Pure Chemical Corporation)
(WATANABE CHEMICAL INDUSTRIES, LTD.)
(Tokyo Chemical Industry Co., Ltd.)

(Tokyo Chemical Industry Co., Ltd.)
(WATANABE CHEMICAL INDUSTRIES, LTD.)
(Tokyo Chemical Industry Co., Ltd.)
(Sigma-Aldrich)

(FUJIFILM Wako Pure Chemical Corporation)
(NACALAI TESQUE, INC.)

(FUJIFILM Wako Pure Chemical Corporation)
(Tokyo Chemical Industry Co., Ltd.)
(WATANABE CHEMICAL INDUSTRIES, LTD.)
(WATANABE CHEMICAL INDUSTRIES, LTD.)
(Tokyo Chemical Industry Co., Ltd.)

(PEPTIDE INSTITUTE, INC.)

(Tokyo Chemical Industry Co., Ltd.)
(WATANABE CHEMICAL INDUSTRIES, LTD.)
(WATANABE CHEMICAL INDUSTRIES, LTD.)
(WATANABE CHEMICAL INDUSTRIES, LTD.)
(WATANABE CHEMICAL INDUSTRIES, LTD.)
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Fmoc-D-Trp(Boc)-OH
Fmoc-Met-OH
Fmoc-D-Met-OH
Fmoc-Cys(Trt)-OH
Fmoc-D-Cys(Trt)-OH
Fmoc-Thr(tBu)-OH
Fmoc-D-Thr(tBu)-OH
Fmoc-Ser(tBu)-OH
Fmoc-D-Ser(tBu)-OH
Fmoc-Tyr(tBu)-OH
Fmoc-D-Tyr(tBu)-OH
Fmoc-Lys(Boc)-OH
Fmoc-Lys(Dde)-OH
Fmoc-D-Lys(Boc)-OH
Fmoc-His(Trt)-OH
Fmoc-p-His(Trt)-OH
Fmoc-Arg(Pbf)-OH
Fmoc-D-Arg(Pbf)-OH
Fmoc-Asp(OtBu)-OH
Fmoc-D-Asp(OtBu)-OH
Fmoc-Glu(OtBu)-OH
Fmoc-D-Glu(OtBu)-OH
Fmoc-Asn(Trt)-OH
Fmoc-D-Asn(Trt)-OH
Fmoc-GlIn(Trt)-OH
Fmoc-D-Gln(Trt)-OH
Fmoc-Pro-OH
Fmoc-D-Pro-OH
Fmoc-Orn(Boc)-OH
Fmoc-AEEA-OH
Fmoc-AMPA-OH
Boc-lle-OH
Boc-D-Phe-OH
Boc-Trp(Boc)-OH
Boc-D-Pro-OH
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(Tokyo Chemical Industry Co., Ltd.)
(Sigma-Aldrich)
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Cia44 media TSB media
Dextrin 409 Trypton soya broth 30g
Glycerin 509 Agar 15g
Pharmamedia 20g 1oL
CuSO, 0.050 g ’
MgCl, 0.050¢g
Znso, 0.050¢
pH 7.2

10L
ISP2 media Al media
Bacto tryptone 509 Starch 409
Bacto yeast extract 309 Bacto yeast extract 5.09
pH 7.0 Polypeptone 209

10L pH 7.0

1.0L

Avenolide-producing media K media
Glucose 60g Starch 25¢
NaCl 209 Soy bean meal 159
K,HPO, 0.50g Dry yeast 20g
Yeast extract 209 CaCO, 409
MgCl, 0.050¢g pH 6.2
Znso, 0.050¢g 10L
CaCOg, 509
FeSO, 0.050¢
MgSO, 0.10g
pH 7.2

10L
M4-Mg media LB media (Agar)
Starch 109 Bacto tryptone 109
NaCl 109 Bacto yeast extract 5.09
K,HPO, 109 NaCl 109
(NH,) sO, 2.0g (Agar) 159
CaCO, 509 0L
Trace metal sol. 1.0 mL '
MgSoO, 109
Agar 159
pH 7.2

10L
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PC1 media
Starch 109
Molasses 10g
Polypeptone 109
Meat extract 109
pH 7.2
10L
Q media
Glycerol 109
Molasses 109
Casein 109
Polypeptone 109
CaCO, 409¢
pH 7.2
1.0L
SFM media
Mannitol 20g
Soya flour 20g
Agar 209
10L
2xXYT media (Agar)
Bacto tryptone 16 g
Bacto yeast extract 10g
NaCl 5049
1.0L
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Buffer A Buffer B Buffer C

Tris-HCI (pH8.0)  20mM Tris-HCI (pH 8.0) 20mM Tris-HCI (pH 8.0) 20mM

NaCl 150 mM NaCl 150 mM NaCl 150 mM
Imidazole (pH 8.0) 20 mM Imidazole (pH 8.0) 500 mM

Solution B Solution C

Tris-HCI (pH 8.8) 15M Tris-HCI (pH 6.8) 0.75M

SDS 0.4% SDS 0.4 %

Separating gel Stacking gel Running buffer

40% Acrylamide 45mL 40% Acrylamide 675 pL Tris 3.03¢g

Solution B 3.0mL Solution C 750 pL Glycine 1449

H,0 4.5mL H,0 4.225 mL SDS 109

10% APS 108 pL 10% APS 54 pL H,0 10L

TEMED 10.8 pL TEMED 9.0 uL
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General remarks

'H and *C NMR spectra were recorded on a JEOL ECZ 500 (500 MHz for 'H NMR) or a JEOL ECZ
400 (400 MHz for "H NMR) spectrometer or Bruker AVANCE Neo (500 MHz for '"H NMR). Chemical
shifts are denoted in 6 (ppm) relative to residual solvent peaks as internal standard (DMSO-ds, 'H &
2.50, 13C & 39.5). ESI-MS spectra were recorded on a Thermo Scientific Exactive mass spectrometer
or a SHIMADZU LCMS-2020 spectrometer. Optical rotations were recorded on a JASCO P-1030
polarimeter. High performance liquid chromatography (HPLC) experiments were performed with a
SHIMADZU HPLC system equipped with a LC-20AD intelligent pump. All reagents were used as
supplied unless otherwise stated. Oligonucleotides used for genetic manipulation were purchased from
Fasmac Co., Ltd. (Kanagawa, Japan). Visualization of protein structure was performed by Maestro
(Schrodinger). Protein structure prediction was performed by AlphaFold2°? with parameters set at

default. Visualization of sequence similarity network was performed by Cytoscape (v3.9.1)!31.

Deletion of surE gene

E. coli DH5a was used as a host for general cloning. The approx. 2 kb upstream and downstream
region surE gene were amplified by PCR using genomic DNA of Streptomyces albidoflavus (S.
albidoflavus) NBRC12854 as template and cloned into pUC19 vector. A set of primers used to
amplify the upstream  region are as follow; SurE del up forward: 5-
cgcgaattcaagcttCCTACTCGATCTCGACAG-3’  (underlined characters indicate EcoRI site),
SurE del up reverse: 5’- tgctctagaCACTGCGTCCCCTGCGCC-3’ (underlined characters indicate
Xbal site). A set of primers used to amplify the downstream region are as follow;
SurE del down forward: 5’-tgctctagaCGTGCGCCATCAGTTTCG-3" (underlined characters
indicate Xbal site), SurE _del down reverse: 5°- cccaagcttCCAGGAACCAGAGCCGTTC-3’
(underlined characters indicate EcoRI site). The cloned fragments were sequenced for validation. The
neomycin resistance marker (aphll) flanking loxP sequences was amplified by PCR with pKU479!32
as a template using a set of primers, Aphll_forward: 5’-
tgetctagaCGGCCAGTGAATTCGAGCGACTCGAGT-3’ (underlined characters indicate Xbal site),
Aphll_reverse: 5’- cccaagetttctagaCCGGGTACCGAGCGAACGCGTT-3" (underlined characters
indicate Xbal site). These three fragments were integrated to generate a disruption cassette: upstream-
aphll-downstream. The cassette was inserted into HindIII site of

pGM160Aaacl::oriT::pheS(A339G/T278S). :sacB: :aph to yield disruption plasmid, pGM160-AsurE.
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pGM160Aaaci:.:oriT::pheS(A339G/T278S): :sacB::aph is a derivative of
pGM160Aaacl::oriT::sacB::aph'* equipped with pheS (A339G/T278S) gene for counterselection by

4-chloro-pL-phenylalanine!*3

. The resultant disruption plasmid pGM160-AsurE was introduced into
E. coli GM2929 hsdS::Tnl0/pUB307::Tn7'3? by electroporation. A 20-fold dilution of overnight
culture of E. coli strain containing disruption cassette was mixed with spore suspension of S.
albidoflavus NBRC12854 and spread onto M4-Mg media (10 g of soluble starch, 1.0 g of Ko;HPO4,
1.0 g of MgSO4+ 7TH>0, 1.0 g of NaCl, 2.0 g of (NH4)2SOs4, 2.0 g of CaCO3, 1 mL of trace metal sol.
(1.0 g of FeSO4+ 7H20, 1,0 g of MnCl, * 4H>0, 1.0 g of ZnSO4* 7H,0 in 1 L of deionized water), 15
g of agar in 1 L of deionized water, pH was adjusted to 7.2, then autoclaved at 110 °C for 10 min
supplemented with 20 mM MgCl,. After incubation at 30 °C for 18 hours, 1 mL of sterile water
containing 25 pg/ml of neomycin and 2000 pg/ml of aztreonam (TCI chemicals, Tokyo, Japan) were
overlaid and further incubated for additional 5 days. Exoconjugants were transferred onto TSB plate
containing 25 pg/ml of kanamycin, 12.5 pg/ml of nalidixic acid and 10 mM 4-chloro-DL-phenylalanine
(Ark Pharm Inc.). The disruption of surE gene was confirmed based on PCR amplification using
following primers; SurE del check forward: 5’-GTGGTGCTCGCCCTCGGC-3’;
SurE_del check reverse: 5’- GACCACCTCCGCCGAGCG-3’. The neomycin-resistance marker
aphll flanking loxP sequences on the deletion region in the genome was removed by the expression
of Cre recombinase encoded in pKU471!34, 20-fold dilution of overnight culture of E. coli GM2929
hsdS::Tnl0/pUB307::Tn7 harboring pKU471 was mixed with spore suspension of the disruption
mutant and spread onto M4-Mg media supplemented with 20 mM MgCl,. After incubation at 30 °C
for 18 hours, 1 mL of sterile water containing 25 pg/ml of thiostrepton and 2000 pg/ml of aztreonam
were overlaid and further incubated for additional 5 days. Exoconjugants were transferred to TSB
plate containing 12.5 pg/ml of nalidixic acid and 2 w/v% of p-xylose (for induction of cre gene). The
desired AsurE deletion mutants were selected by the neomycin-sensitive phenotypes and removal of
resistance marker was confirmed by PCR amplification using the same primers that were used to check

the insertion of neomycin resistance marker.

Construction of an expression plasmid of SurE

To facilitate nickel affinity column chromatography, recombinant SurE was expressed with Hisx6 tag
at their N-terminus. DNA fragment cording for SurE was amplified by KOD Fx Neo (Toyobo) using
a single set of promer SurE_Fw/SurE_Rv (SurE_Fw: CCGGAATTCCATATGGGTGCCGAG
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GGGGCG, SurE Rv: CCCAAGCTTTCAGAGCCGGTGCATGGC, restriction enzyme was
underlined). The genomic DNA of S. albidoflavus NBRC12854 was used as template. Amplified
fragments were digested by EcoRI and HindIII and inserted into multicloning site of pUC19 (Takara)
to afford SurE-pUC19. After sequence confirmation, the fragment was transferred to Ndel/HindIII site

in multicloning site of expression vector pET28a (EMD Millipore) to generate SurE-pET28a.

Construction of expression plasmids of SurEis452 and SurE 14988

The DNA fragment coding for PBP-type TE from Streptomyces noursei (S. noursei) NBRC15452
(Gene ID of SurEs4s2 in JGI database: 2603776488) was amplified from genomic DNA of S. noursei
NBRC15452 using following primers; foward: 5’- ccggaattcGTGCACGGGGACTCAGCGGATCC-
3’ (underlined characters indicate EcoRI site), reverse: 5’-
cccaagcttTTAGTGCGGCCGTGCGCCGTGG-3’ (underlined characters indicate HindIII site) and
KOD One® PCR Master Mix -Blue-. The fragment was transferred to EcoRI/HindIII sites of pET28a
to generate SurEiss52-pET28a for the expression of N-terminal His-tag fused SurEisss. The DNA
fragment coding for PBP-type TE from Goodfellowiella coeruleoviolacea (G. coeruleoviolacea)

NBRC14988 (Gene ID of SurE 4983 in JGI database: 2596754607) was amplified from genomic DNA
of G. coeruleoviolacea  NBRC14988  using  following  primers; forward: 5°-
ccggaattcGTGCCCAACGAGCAGGATCTCGGG-3’ (underlined characters indicate EcoRI site),
reverse: 5’-cccaagctt TCATCCGGTCACCTGCCGCCGC-3’ (underlined characters indicate HindIII
site) and KOD One® PCR Master Mix -Blue-. The fragment was transferred to EcoRI/HindIII sites of
expression vector pET28a (EMD Millipore) to generate SurE4983-pET28a for the expression of N-
terminal His-tag fused SurE4983. Both SurE 15452 and SurE 14983 were expressed and purified in the same

manner as SurE.

Construction of an expression plasmid of SurE mutant (H225A)

The DNA fragment coding for SurE variant H225A was amplified with a set of primers; forward: 5°-
GCCGAGCACGTCGACGCCATGGCCTCGCTCTCG-3, reverse: 5’-
CGAGAGCGAGGCCATGGCGTCGACGTGCTCGGC-3’ using SurE-pUCI19 as a template and
KOD One® PCR Master Mix -Blue- (TOYOBO) as polymerase. The amplified fragment was
introduced into E. coli DH5a and a circular plasmid was extracted from cell. After validating
nucleotide sequence, the insert coding for SurE (H225A) was transferred to multi-cloning site of

pET28a using a pair of restriction enzymes EcoRI/HindlIll, to give an expression vector for N-terminal
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His tag-fused SurE (H225A). Procedures for expressing, purifying enzyme, and assay conditions are

same as that for wild type enzyme.

Construction of expression plasmids of SurE mutants (G235A, G235V, G2351 and G235L)

The DNA fragments coding for SurE mutants were amplified with a set of primers listed in Table S1,
SurE  (G235A) Fw/SurE  (G235A) Rv, SwE (G235V) Fw/SurE (G235V) Rv, SurE
(G2351)_Fw/SurE (G2351) Rv and SurE (G235L) Fw/SurE (G235L) Rv by KOD One® PCR Master
Mix -Blue- (TOYOBO), using SurE-pUC19 as a template. The amplified fragments were individually
introduced into E. coli DH5 o and circular plasmids were extracted from cell. After validating
nucleotide sequence, the inserts were transferred to multicloning site of pET28a using a pair of
restriction enzyme EcoRI/HindlIll, to give expression plasmids for N-terminal His tag-fused SurE

mutants.

Construction of an expression plasmid of TycC-TE

DNA fragment eccoding codon-optimized TycC-TE (UniProtKB/Swiss-Prot: 030409.1) with His6-
tag at C-terminus was synthesized by Fasmac (Japan). The fragment was transferred to Ndel/HindIII
sites of pET28a to give TycC-TE-pET28a, an expression plasmid for TycC-TE with His6-tag fused at

its N-, and C-termini.

Construction of an expression plasmid of WolJ

DNA fragment encoding codon-optimized Woll (GenBank: UNO41476.1) was synthesized by Twist
Bioscience (CA). The fragment was transferred to Ndel/HindlII sites of pColdII (Takara) to give WolJ-

pColdll, an expression plasmid for WolJ with His6-tag fused at its N-terminus.

Enzyme expression and purification

200 mg/mL ampicillin and 50 mg/mL kanamycin were used for the selection of E. coli host harboring
pColdll-based plasmids and pET28a-based plasmids, respectively. The expression plasmids were
introduced into E. coli BL21 (DE3) and a single colony was inoculated into 10 mL of 2 X YT media
(1.6% Bacto tryptone, 1.0% Bact yeast extract, 0.5% NaCl) containing an appropriate antibiotic and
was cultured at 37 °C for overnight as seed culture. 2.0 mL of cultural broth was transferred to 200
mL of 2X YT media containing an appropriate antibiotic and culture at 37 °C for three hours. The

broth was cooled on ice and 0.1 mM of IPTG was added to induce the expression of recombinant
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enzymes. E. coli was cultured at 16 °C for overnight. Cell was washed with wash buffer (Buffer A: 20
mM Tris-HCI pH 8.0, 150 mM NacCl), then successively homogenized by sonication. Cell debris were
precipitated by centrifugation with 20,630 x g for 20 min at 4 °C, then the supernatant was subjected
to Ni-NTA His-Bind® resin (Merck Millipore), which was equilibrated by lysis buffer ( Buffer B: 20
mM Tris-HCI pH 8.0, 150 mM NacCl, 20 mM imidazole pH 8.0). The column was washed with
additional lysis buffer, then eluted with elution buffer (Buffer C: 20 mM Tris-HCI pH 8.0, 150 mM
NaCl, 500 mM imidazole pH 8.0). Imidazole was removed by an Amicon Ultra 0.5 ml filter (Merck

Millipore). The concentrations of proteins were measured using a Bio-Rad protein assay kit (Bio-Rad).

Detection of cyclosurugamide F in culture broth of Streptmyces albidoflavus NBRC 12854

Streptomyces albidoflavus NBRC12854 was grown on TSB plate at 30 °C for 2-4 days. A single colony
was picked and transferred to 10 mL of TSB liquid media and cultivated at 30 °C for 2 days as pre-
culture. The pre-culture was then inoculated to a flask containing 100 mL K media (2.5% soluble
starch, 1.5% soybean meal, 0.2% dry yeast, 0.4% CaCOs3 and the pH was adjusted to 6.2) and incubated
at 30 °C with shaking at 140 rpm. 5 mL volume of broth were withdrawn, and cells were harvested by
centrifugation at 4,000 rpm and extracted with H,O/acetone (= 1 : 2). The extract was filtered to
remove debris and evaporated to remove solvent. The residue was dissolved into DMSO and subjected

to LC-MS analysis.

Kinetic analysis
To determine the kinetic parameters of SurE against seco-surugamide B-SNAC (7) and SB-EG (35),

and SurE (H225A) against seco-surugamide B-SNAC (7) respectively, 50 uL of reaction buffer
containing 20 mM Tris-HCI (pH 8.0), 5 uM enzyme and 6.25-800 uM substrates were incubated at
30 °C for 5 min. The reaction was quenched by adding 50 uL MeOH and centrifuged with 20,630 x g
for 10 min at 4 °C. 5 uL of supernatant was subjected to HPLC. The concentrations of peptides were
estimated based on the extinction coefficient (190 nm) that were experimentally determined. E (190
nm) values for 7 and 35 were assumed to be equal. The initial velocities were calculated assuming
equal e (190 nm) value for substrates and corresponding cyclic products. All reaction was carried out
in triplicates. Kinetic parameters were estimated using Michaelis-Menten equation and curve-fitting

program Kaleidagraph.
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LC-MS and HPLC analysis

The yields of enzymatic reaction were determined by HPLC analysis. The concentration of enzymatic
products was estimated based on the extinction coefficient e (210 nm), which was determined
experimentally. e (210 nm) values were assumed to be equal for EG esters and corresponding

enzymatic products.

LC-MS/MS analysis

Samples were separated with a SHIMADZU HPLC system equipped with a LC-20AD intelligent
pump. LC-MS/MS experiments were performed with amaZon SL-NPC (Bruker Daltonics).
Fragmentation of precursor ions were also performed with amaZon SL-NPC using helium gas with

amplitude value 1.0 V.

General procedure for solid-phase peptide synthesis (SPPS).

Step 1: Fmoc group of the solid supported peptide was removed by using 20% piperidine/DMF

(10 min, room temperature) and additional solution containing DMF/DBU (1,8-diazabicyclo[5.4.0]-
undec-7-ene)/piperidine (93%/2%/5%) solution (5min, room temperature).

Step 2: The resin in the reaction vessel was washed with DMF (X 3) and CH,Cl, ( X 3).

Step 3: To the solution of Fmoc-protected building blocks (4 eq) were added DIC (4 eq in DMF) and
Oxyma (4 eq in DMF). After 2~3 min of pre-activation, the mixture was injected to the reaction vessel.
The resulting mixture was mixed for 30 min at 40 °C.

Step 4: The resin in the reaction vessel was washed with DMF (X 3) and CH»Cl, (X 3). Amino acids
were condensed onto the solid support by repeating Step 1-4.

Loading rate: Add 20% piperidine in DMF (1 mL) to the dried Fmoc-aa-2-chlorotrityl resin, and then
shake the tube for 1 h. Dilute the supernatant 100-fold with DMF and subject it to UV measurement

at 301 nm. The loading efficiency is calculated from the UV absorbance as follows.

(Asy; X 1000)
M, ., [mg] X 7800 X dilution rate

Loading (mmolg™") =

Where Ajj, = UV absorbance at 301 nm, M__;, = mass of the resin used for quantification
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Bioinformatics

Exploration of PBP-type TEs in public database: Candidates of PBP-type TEs were retrieved by
blastp search from nr database (downloaded in February 12, 2022) using SurE as a query with the E-
value was set at 10, which yielded 75,385 sequences. As SurE and other referential PBP-type TEs
consist of N-terminal PBP domain (1-350 in SurE) and C-terminal lipocalin domain (368451 in SurE),
those showing similarities to entire SurE sequence were selected (gstart < 50, gend > 400). Also, as
the length of SurE and other referential PBP-type TEs are approximately 450 (451 for SurE), those
with less than 400 aa length or more than 500 aa lengths were excluded. These selections yielded 2,309
candidates. For further selection, the genome neighborhoods of these candidates were investigated.
PBP-type TEs genes are co-localized with the genes encoding NRPS assembly-line with epimerization
domains (E domains) at their C-terminus. This is consistent with the strict requirement of SurE for D-
amino acid at substrate C-terminus. For simplification, we tentatively refer to the E domains at C-
terminus of NRPSs as Ei; domain. Flanking & 80 kb regions of 2,309 candidates were inspected for
the presence of Eir domains by the combination of hmmscan with PF005001 (AMP-binding) as a
query and blastp with Er of SurD (GenBank: BBZ90018.1) as a query. Parameters were set at default.
Among the 2,309 candidates, those co-occurring with Ei; domains are clustered in a sequence
similarity network (SSN) that was generated by all-vs-all blastp with E-value set at 1 x 10-°° (Figure
S9). 652 sequences in these clusters were selected as candidates of PBP-type TEs. After the removal
of redundant sequences, 632 sequences were obtained. Finally, Woll (GenBank: UNO41476.1), a
PBP-type TE encoded in a recently reported BGC of wollamide (wol)” was added, then total 633
proteins were subjected to all-vs-all blastp analysis with e-value at 1 x 10717 to generate the network
shown in Figure 4-30 and Figure S2. Visualization of sequence similarity network was performed by
Cytoscape (v3.9.1)"31.

Substrate-binding pockets of PBP-type TEs: 633 PBP-type TEs were aligned by MUSCLE
(v3.8.1551)'3 with default parameters. The positions of the pocket-forming residues were retrieved
by SegKit (v2.0.0)'3¢ subseq function from the alignment. The sequence of the pocket-forming
residues was subjected to Compute pI/Mw webtool (Expacy, https://web.expasy.org/compute pi/)'3’

to calculate pI and molecular weight.
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Synthesis of SNAC-activated linear peptides
seco-surugamide B-SNAC (7)

Fmoc-p-Leu-2-chlorotrityl resin (S1): 2-Chlorotrityl resin (S2)

@ =2-chlorotityl resin
Z)\ (100 mg, 0.160 mmol) in Libra tube was swollen with CH>Cl, for

“Q .
o 30 min, and then excess solvent was removed by filtration. To the

> > resin was added a solution of Fmoc-D-Leu-OH (113 mg, 0.318
mmol) and DIPEA (168 pL, 0.960 mmol) in CH>Cl, (0.5 mL), and stirred for 1 h at 40 °C. The reaction
mixture was filtered, washed with DMF (% 3), CH2Cl; (x 3), methanol, and Ac,O/CHCl; (= 1:4), then
dried under vacuum for 1 h to give Fmoc-D-Leu-2-chlorotrityl resin S1 (142.3 mg). Dried Fmoc-D-
Leu-2-chlorotrityl resin (5.8 mg) was added with 20% piperidine in DMF and stirred for 1 h. The
supernatant was diluted with DMF and was subjected to UV measurement at 301 nm. The loading rate

was determined to be 1.207 mmol/g.

BocHN_ = . BocHN (;
RPN A
\il T Lg/g
o O OH
‘i 0-Q HN g ”/ﬁo( NW
~ o E—— B —
FmochN /Y \f BocHN BocHN
o W NH i 2
s m*
H

sa
S3: Fmoc-D-Leu-2-chlorotrityl resin S1 (loading rate: 1.207 mmol/g, 0.0500 mmol, 41.1 mg) in Libra
tube was swelled in CH,Cl, for 1 h, which was then subjected to 7 cycles [Fmoc-D-Phe-OH, Fmoc-L-
Ile-OH, Fmoc-L-Lys(Boc)-OH, Fmoc-D-Val-OH, Fmoc-L-Ile-OH, Fmoc-D-Ala-OH, Boc-L-Ile-OH] of
the SPPS protocol (Steps 1-4) and then SPPS protocol (Steps 1 and 2) to afford resin-bound peptide
S4. To peptide S4 was added HFP (= 70:30) (0.5 mL), being stirred for 30 min, and then the reaction
mixture was filtered. This procedure was repeated twice. The filtrate was concentrated and azeotroped

with toluene (x 3) to afford crude peptide S3, which was used in the next reaction without further

purification.
BocHN_ . © BocHN_ . (; [2P1 NG N
H H H
HN N;\ )\ HN Nl )\ o HN N;\ )\ o
0%0 u/YOH 0%0 N/j(s\/\Nk 0%0 N/W/S\/\N)k
HN\EO o > HN__O H oo H >  HN_O 0 H
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seco-surugamide B-SNAC (7): To the peptide S3 in DMF (1 mL) were added N-acetylcysteamine
(12 mg, 0.1 mmol), 2,4,6-collidine (6.6 puL, 0.05 mmol), HCTU (22.8 mg, 0.055 mmol). After being
stirred overnight at room temperature, the reaction mixture was quenched with saturated aqueous
NH4CI. The resulting solution was extracted with EtOAc (x 3). The organic layer was washed with
brine, dried over MgSQy, and filtered. The solution was concentrated and azeotroped with toluene (x
3). To the residue was added a cleaving cocktail of TFA/H,O/TIS = 95:2.5:2.5 (1.00 mL) to remove
the protecting group. After being stirred for 1 h, the reaction mixture was diluted with Et,O (24 mL),
centrifuged at 3500 x g for 5 min at 4 °C, and Et,0 layer was removed by decantation to afford 7. This
procedure was repeated twice. The obtained crude peptide 7 was purified by reversed phase HPLC
(COSMOSIL Cholester 10 x 250 mm, nacalai tesque) with MeCN:H>O (= 40:60) containing 0.05%
TFA to afford peptide 7 (15.3 mg, 30% for 17 steps) as a white solid: [a]p?-4.3 (¢ 1.00, MeOH); 'H
NMR (500 MHz, DMSO-ds): 6 8.58-8.52 (d, 2H, J="7.3 Hz), 8.20-8.19 (d, 1H, J= 6.8 Hz), 8.15-7.95
(m, 7H), 7.89-7.70 (m, 2H), 7.31-7.14 (m, 5H), 4.68-4.58 (m, 2H), 4.58-4.43 (m, 2H), 4.31-4.20 (m,
2H), 4.12-4.07 (t, 1H, J= 7.3 Hz), 3.73-3.67 (br, 1H), 3.20-3.16 (dd, 1H, J= 14.0, 3.2 Hz), 3.16-3.10
(9, 2H, J=6.3 Hz), 2.88-2.83 (t, 2H, J= 7.3 Hz), 2.79-2.65 (m, 3H), 2.11-1.90 (m, 1H), 1.78 (s, 3H),
1.75-1.35 (m, 10H), 1.35-0.95 (m, 9H), 0.95-0.74 (m, 27H), 0.67-0.63 (t, 3H, J= 7.3 Hz), 0.53-0.49
(d,3H,J= 6.3 Hz); "'C NMR (125 MHz, DMSO-ds): $201.2,171.7,171.4,171.3,170.8, 170.7, 169.3,
168.0,167.2,137.7,129.1, 127.9, 126.1, 57.7, 57.6, 57.2, 56.5, 56.3, 53.8, 52.0, 48.1, 40.4, 38.7, 38.1,
37.3,36.9, 36.4, 36.1, 31.1, 30.7, 27.5, 26.5, 24.0 (x2), 23.9, 23.8,22.8, 22.4,22.2, 21.0, 19.4, 19.1,
17.8,15.3,14.8, 14.4, 11.0 (x2); HRMS (ESI) calcd for Cs1HgsN10O9SNa* [M+Na]*1039.6349, found
1039.6367.
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seco-surugamide F-SNAC (12)

Q = 2-chiorotrtyl resin Fmoc-p-Ala-2-chlorotrityl resin (S5): 2-chlorotrityl resin S2

] (37.5 mg, 0.05 mmol), in Libra tube was swollen with CH,Clo,

CIO —_— : OO . .
Fm°°HN/ﬁO( and excess solvent was removed by filtration. To the resin was

s2 S5 added a solution of Fmoc-D-Ala-OH (15.6 mg, 0.05 mmol) and
DIPEA (26.1 uL, 0.15 mmol) in CH>Cl, (0.5 mL), and stirred for 1 h. The reaction mixture was filtered,
washed with DMF (X 3), CH,Cl, (X 3) to afford S5. Dried Fmoc-D-Ala-2-chlorotrityl resin (6.5 mg)
was added with 20% piperidine in DMF and stirred for 1 h. The supernatant was diluted with DMF

and was subjected to UV measurement at 301 nm. The loading rate was determined to be 1.172 mmol/g.

H o H o

O. N N

NH H NH

,,,,, ! T‘“Kfo .
HN HN o HN
FmocHN/Y O \l)L O o H \l)kOH
'BuO BuO. N

” NH  NHBoc

S6

S6: Fmoc-D-Ala-2-chlorotrityl resin S5 (loading rate: 1.172 mmol/g, 0.0500 mmol, 42.7 mg) in Libra
tube was swelled in CH>Cl, for 1 h, which was subjected to 9 cycles [Fmoc-L-Val-OH, Fmoc-D-Ala-
OH, Fmoc-L-Val-OH, Fmoc-D-Leu-OH, Fmoc-DL-AMPA-OH, Fmoc-L-Thr(tBu)-OH, Fmoc-L-Val-
OH, Fmoc-D-Leu-OH, Boc-L-Trp(Boc)-OH] of the SPPS protocol (step 1-4) to afford the resin-bound
peptide. To the peptide was added CH>CI/HFP (= 70:30) (0.5 mL), being stirred for 20 min, and then
reaction mixture was filtered. This procedure was repeated twice. The filtrate was azeotropically dried
with toluene (x 3) to afford crude mixture of peptides S6, which was used in the next reaction without

further purification.

y © y ©
NH O N H N\l)kNH
,,,,, \‘ o ;/ 0] \‘ 0] o y
HN s HN oo HN\l)ks/\/NT(
'BuO \(L)\ HOTI )j/\nm/l\)\ o
NHBoc H NH  NH,

/~NBoc o g 7/ ~NH
S6 12

seco-surugamide F-SNAC (12): To a solution of mixture of peptide S6 in CH.Cl,/DMF (=9:1) (12.5
mL) were added N-acetylcysteamine (12 mg, 0.1 mmol), 2,4,6-collidine (6.6 puL, 0.05 mmol) and
HCTU (22.8 mg, 0.055 mmol). After being stirred overnight, the reaction mixture was concentrated,
and the residue was diluted with EtOAc and saturated aqueous NH4Cl. The resulting mixture was

extracted with EtOAc (x 3), washed with brine, dried over MgSOs, and concentrated. To the residue
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was added a mixture of TFA/H>O/TIS (= 95:2.5:2.5) (1.0 mL), and the mixture was stirred for 30 min.
The reaction mixture was diluted with EtO (24 mL), centrifuged at 3,500 x g for 15 min at 4 °C, and
Et,O layer was removed by decantation. This procedure was repeated twice. The crude peptide was
separated by reverse-phase HPLC to afford 12 (1.7 mg, 2.9% for 22 steps) as a white solid. The
separation was accomplished by COSMOSIL 5C;3-MS-II 10ID x 250 mm (nacalai tesque) eluted with
42% MeCN + 0.05% TFA (flow rate: 3.2 mL/min). 12: [a]p® -1.28 (¢ 0.25 MeOH); 'H NMR (500
MHz, DMSO-ds) 6 10.99 (s, 1H), 8.73 (d, 1H, J= 8.5 Hz), 8.46 (d, 1H, J=7.5 Hz), 827 (d, 1H, J=
8.5 Hz), 8.02-7.95 (m, 7H), 7.84 (d, 1H, J= 5.0 Hz), 7.76 (d, 1H, J= 8.5 Hz), 7.71-7.69 (m, 2H), 7.33
(d, 1H, J=8.0 Hz), 7.18 (s, 1H), 7.06 (t, 1H, /= 7.5 Hz), 6.98 (t, IH, J="7.5 Hz), 4.82 (d, 1H,J=4.0
Hz), 4.55 (d, 1H, J= 7.0 Hz), 4.38-4.04 (m, 7H), 3.88 (d, 1H, J= 5.0 Hz), 3.32 (s, 6H), 3.19 (dd, 1H,
J=14.0, 5.5 Hz), 3.11-3.08 (m, 4H), 3.00 (dd, 1H, J= 14.5, 8.5 Hz), 1.99 (m, 3H), 1.74 (s, 3H), 1.53
(m, 1H), 1.43-1.41 (m, 2H), 1.30 (m, 2H), 1.23 (d, 3H, J=7.5 Hz), 1.20 (d, 3H, J= 6.5 Hz), 0.95 (dd,
6H,J=18, 6.5 Hz), 0.85-0.71 (m, 34H); *C NMR (125 MHz, DMSO-ds) 8 201.7, 174.9, 173.0, 172.7,
172.1,171.6,171.4,171.3,170.6, 169.8, 168.8, 136.8, 127.5, 125.5, 121.7, 119.1, 118.9, 112.0, 107.3,
67.0, 59.0, 58.1, 58.0, 57.8, 55.3, 53.2, 51.5,49.1,42.3,42.0, 41.2, 41.0, 38.7, 31.1, 30.8, 28.2, 24.8,
24.6,23.5,23.4,23.0,22.2,22.0,20.5,19.8, 19.7, 19.0, 18.5, 18.3, 17.9, 16.0; HRMS (ESI) calcd for
Cs6Ho3012N12S [M+H]" 1157.6751, found 1157.6771.

O-benzyl seco-surugamide F-SNAC (13)

13 was synthesized following the

h © h ©
O N N N\l)LNH
,,,,, H o0 ~oo same procedure as for 12 with the
H
7(6\ HN])ks/\/NTO( substitution of Fmoc-L-Thr(tBu)-

W% OH for Fmoc-L-Thr(Bzl)-OH. The
separation was accomplished by

COSMOSIL 5Cs-MS-II 10ID x 250 mm eluted with 46% MeCN + 0.05% TFA (flow rate: 3.2

ch)cHN/Eﬁfoo

o) BZIOT/\i
S5

mL/min) to affors the pure 13 (2.5 mg, 4.0 % for 22 steps) as white solids. 13: [a]p?® +0.39 (c 0.16,
MeOH); '"H NMR (500 MHz, DMSO-ds) & 10.97 (s, 1H), 8.70 (br, 1H), 8.45 (d, 1H, J= 7.0 Hz), 8.22
(d, 1H, J = 8.5 Hz), 8.02-7.98 (m, 2H), 7.92 (m, 1H), 7.82 (d, 1H, J= 9.0 Hz), 7.75 (m, 1H), 7.70 (d,
1H, J=7.0 Hz), 7.34-7.22 (m, 6H), 7.17 (s, 1H), 7.06 (t, 1H, J= 7.5 Hz), 6.98 (t, |H, J= 8.0 Hz), 4.54
(m, 1H),4.48 (d, 1H, J = 12.0 Hz), 4.41 (d, 1H, J = 11.5 Hz), 4.35-4.29 (m, 5H), 4.21-4.13 (m,
2H), 4.06-4.01 (m, 2H), 3.82 (m, 1H), 3.21-2.96 (m, 6H), 2.81 (t, 1H, J= 7.0 Hz), 1.99 (m, 3H), 1.74
(s, 3H), 8.27 (d, 1H, J = 8.5 Hz), 1.53 (m, 1H), 1.42 (m, 1H), 1.30 (m, 2H), 1.23 (d, 3H, J = 7.0
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Hz), 1.19 (d, 3H, J = 5.5 Hz), 1.03 (d, 3H, J = 5.5 Hz), 0.92 (d, 3H, J = 7.0 Hz), 0.84 (d, 3H, /= 6.5
Hz), 0.80-0.78 (m, 33H); 3C NMR (125 MHz, DMSO-ds) 5 201.7, 174.8, 173.0, 172.8, 172.0, 171.7,
171.6, 171.4,170.2, 169.8, 139.1, 136.9, 128.7, 128.1, 127.9, 127.5, 125.5, 121.7, 119.1, 118.9, 112.0,
75.2,70.8, 58.0, 57.8, 57.4, 55.4, 53.2, 52.0, 51.6, 49.1, 49.0, 42.4, 42.1, 41.3, 41.0, 38.7, 31.1, 30.8,
28.1,24.8,24.6,23.5,23.3,23.0,22.2,22.0, 19.8, 19.7, 19.0, 18.5, 18.3, 17.9, 16.8, 16.1; HRMS (ESI)
caled for Ce3HooO1aN2S [MH+H]* 1247.7221, found 1247.7252.

seco-surugamide B (K5A, DL8LL)-SNAC (14)

Q 14 was synthesized following the same
H
HN N o

procedure as for 7 with the substitution of

0© O;\N S\/\Nk
H H Fmoc-D-Leu-2-chlorotrityl resin (S1) for
FmocHN 00 > HN\:EO HZNOﬁj ty ( )

o YTUNH . Fmoc-L-Leu-2-chlorotrityl ~ resin  (S7).
S7 O N o]

)\% o " Peptide 14 (1.0 mg, 2.1% for 18 steps): [a]p>*

» 224.6 (¢ 0.10, MeOH); 'H NMR (500 MHz,

DMSO-d) 8 8.62 (d, 1H, J = 8.0 Hz), 8.59 (d, 1H, J= 8.0 Hz), 8.22 (d, 1H, J= 8.0 Hz), 8.16 (d, 1H,
J=9.0 Hz), 8.15 (d, 1H, J = 9.0 Hz), 8.10-8.02 (m, 2H), 7.90 (d, 1H, J = 8.6 Hz), 7.35-7.28 (m, 4H),
7.17 (m, 1H), 4.68-4.58 (m, 2H), 4.72-4.65 (m, 2H), 4.53 (t, 1H, J = 8.6 Hz), 4.36 (qui, IH, J= 6.9
Hz), 4.30 (m, 1H), 4.23 (t, 1H, J= 8.0 Hz), 4.16 (t, 1H, J= 7.5 Hz), 3.68 (br, 1H), 3.10 (m, 1H), 2.99
(dd, 1H, J=5.2, 13.8 Hz), 1.93 (m, 1H), 1.78 (s, 3H), 1.74 (m, 1H), 1.59-1.35 (m, 6H), 1.25-1.10 (m,
8H), 0.95-0.74 (m, 27H), 0.67 (t, 3H, J = 7.5 Hz), 0.56 (d, 3H, J = 6.3 Hz); '3C NMR (125 MHz,
DMSO-ds) $201.3, 172.0, 171.5, 171.4, 171.0, 170.6, 170.4, 169.3, 167.2, 137.4, 129.1, 128.0, 126.3,
57.6,57.4,57.0, 56.3, 56.2, 53.7, 47.8, 47.7, 38.1, 37.3, 36.5, 36.1, 30.7, 27.5, 24.0 (x 2), 23.9, 23.8,
22.9, 22.5, 21.0, 19.7, 19.1, 18.5, 18.0, 15.3, 15.0, 14.5, 11.1, 11.0 (x 2); HRMS (ESI) calcd for
CasHgaN9OoS* [M+H]* 960.5951, found 960.5953.

seco-surugamide B (K5A)-SNAC (15)
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Fmoc-D-Leu-2-chlorotrityl resin S1 (loading rate: 1.207 mmol/g, 0.1000 mmol, 82.8 mg) in Libra tube
was swelled in CH,Cl; for 1 h, which was subjected to 7 cycles [Fmoc-D-Phe-OH, Fmoc-L-Ile-OH,
Fmoc-L-Ala-OH, Fmoc-D-Val-OH, Fmoc-L-Ile-OH, Fmoc-D-Ala-OH, Boc-L-Ile-OH] of the SPPS
protocol (Steps 1-4), and then the SPPS protocol (Steps 1 and 2). CH,Cl,/HFP (= 70:30) (1.0 mL) was
added and being stirred for 30 min, and then the reaction mixture was filtered. This procedure was
repeated twice. The filtrate was concentrated and azeotroped with toluene (% 3) to afford crude peptide
S8, which was used in the next reaction without further purification. To a solution of peptide S8 in
CH.CIL/DMF (= 9:1) (25 mL) were added N-acetylcysteamine (24 mg, 0.2 mmol), 2,4,6-collidine
(13.2 pL, 0.1 mmol) and HCTU (45.6 mg, 0.11 mmol). After being stirred overnight, the reaction
mixture was concentrated, and the residue was diluted with EtOAc and saturated aqueous NH4Cl. The
resulting mixture was extracted with EtOAc (x 3), washed with brine, dried over MgSQOj4, and
concentrated. To the residue was added a mixture of TFA/H>O/TIS (= 95:2.5:2.5) (2.0 mL), and the
mixture was stirred for 30 min. The reaction mixture was diluted with Et,O (48 mL), centrifuged at
3500 x g for 15 min at 4 °C, and Et,0O layer was removed by decantation. This procedure was repeated
twice. The crude peptide was purified by reversed-phase HPLC to afford 15 (8.3 mg, 8.6% for 18
steps) as a white solid: [a]p?* +1.3 (¢ 0.38, MeOH); '"H NMR (500 MHz, DMSO-ds) & 8.62 (d, 1H, J
= 8.0 Hz), 8.33 (d, 1H, J= 8.6 Hz), 8.31 (m, 1H), 8.12 (m, 1H), 8.05 (d, 1H, J= 8.0 Hz), 8.00 (t, 1H,
J=8.0Hz),7.98 (d, 1H,J=7.5Hz),7.95 (d, 1H,J=7.5Hz),7.77 (d, 1H, J= 8.6 Hz), 7.29 (d, 2H, J
=7.5Hz),7.24 (t,2H,J="7.5Hz), 7.16 (t, I1H, J= 7.5 Hz), 4.61 (m, 1H), 4.44 (m, 1H), 4.37 (m, 1H),
4.31(q, 2H, J= 6.9 Hz), 4.14 (dd, 1H, J= 6.9, 8.0 Hz), 4.10 (t, 1H, J= 7.5 Hz), 3.50 (br, 1H), 3.17-
3.50 (m, 3H), 2.83 (m, 1H), 2.74 (dd, 1H, J=11.5, 14.3 Hz), 1.96 (m, 1H), 1.77 (s, 3H), 1.76-1.35 (m,
7H), 1.19 (d, 3H, J= 6.9 Hz), 1.12 (d, 3H, J= 6.9 Hz), 1.04 (m, 1H), 0.89 (d, 3H, J = 6.3 Hz), 0.87-
0.74 (m, 21H), 0.62 (t, 3H, J= 7.5 Hz), 0.46 (d, 3H, J = 6.9 Hz); *C NMR (125 MHz, DMSO-d); &
201.5, 173.0, 172.1, 171.8, 171.0, 170.7, 170.5, 169.2, 137.9, 129.2, 128.0, 126.2, 58.7, 57.8, 57.7,
56.9,56.8,53.9,47.9, 38.1, 37.7, 36.8, 36.6, 30.3, 27.6, 24.0, 23.9, 23.6, 22.9, 22.5,21.0, 19.2, 19.1,
18.0,17.9, 15.6, 15.3, 14.9, 11.5, 11.1, 11.0; HRMS (ESI) calcd for C4sHgoN9OoS™ [M+H]" 960.5951,
found 960.5955.
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seco-surugamide B (I1pallo)-SNAC (16)

- 16 was synthesized following the same
Hb\ﬁ;\ /K o procedure as for peptide 7 with the

substitution of Boc-L-Ile-OH at the position 1

o ﬁ NH % for Boc-D-allo-1le-OH. The synthesis was
s1 o Ny NS0

)\% o " initiated from Fmoc-D-Leu-2-chlorotrityl

16 resin S1 (loading rate: 1.054 mmol/g, 0.0500

mmol, 47.4 mg). The obtained crude peptide 16 was purified by reversed phase HPLC (COSMOSIL
Cholester 10 x 250 mm) with MeCN:H»O (= 40:60) containing 0.05% TFA to afford peptide 16 (16.6
mg, 33% for 17 steps) as a white solid: [a]D'® -7.91 (¢ 0.10, MeOH); '"H NMR (400 MHz, DMSO-ds)
0 8.60-8.52 (m, 2H), 8.27 (d, 1H, J=8.4 Hz), 8.10 (d, 1H, J= 7.7 Hz), 8.05-7.91 (m, 4H), 7.86 (d, 1H,
J=28.8 Hz), 7.76-7.68 (m, 3H), 7.27-7.10 (m, 5H), 4.56 (td, 1H, J=12.1, 3.7 Hz), 4.48 (quin, 1H, J=
7.3 Hz), 4.38-4.29 (m, 2H), 4.28-4.18 (m, 2H), 4.04 (t, 1H, J= 7.3 Hz), 3.73-3.66 (m, 1H), 3.18-3.04
(m, 3H), 2.83-2.77 (m, 2H), 2.72-2.60 (m, 3H), 1.93-1.28 (m, 17H), 1.27-0.98 (m, 7H), 0.89-0.70 (m,
25H), 0.57 (t, 3H, J = 7.0 Hz), 0.40 (d, 3H, J = 6.4 Hz); *C NMR (100 MHz, DMSO-ds) & 201.5,
171.8, 171.5, 171.2, 170.9, 170.7, 170.6, 169.3, 167.5, 137.9, 129.1, 128.0, 126.2, 57.7, 57.4, 57.0,
56.7,56.2,53.9,51.9,48.4,38.7,38.1, 37.6, 36.8, 36.5, 36.1 (x2), 30.8, 30.7, 27.5, 26.6, 24.9, 24.0,
23.8(x2),22.9,22.5,22.1,21.0,19.2,19.1,17.9,15.4, 14.8, 13.5, 11.4, 11.2, 11.0; HRMS (ESI) calcd
for CsiHgoN100oS™ [M+H]*1017.6552, found 1017.6529.

seco-surugamide B (I3A)-SNAC (17)

17 was synthesized following the same

HoN S\WH Py procedure as for 7 with the substitution of
HN 2 o

Py 50 OJ\H/}(S\/\HJK Fmoc-L-Ile-OH at the position 3 for Fmoc-L-

: HN___O o
FmocHNWOO — ﬁf HN{ Ala-OH. The synthesis was initiated from

o) UONH 2

st og\r“ﬁu o Fmoc-D-Leu-2-chlorotrityl resin S1 (loading
17 rate: 0.808 mmol/g, 0.0500 mmol, 61.9 mg).

The obtained crude peptide 17 was purified by reversed phase HPLC (COSMOSIL Cholester 10 x 250
mm) with MeCN:H>O (= 34:66) containing 0.05% TFA to afford peptide 17 (28.4 mg, 58% for 17
steps) as a white solid. [a]p'® +0.1 (¢ 0.10, MeOH); '"H NMR (500 MHz, DMSO-ds): 6 8.64-8.58 (m,
2H), 8.26 (d, 1H, J= 8.6 Hz), 8.15 (d, 1H, J = 8.0 Hz), 8.10-8.00 (m, 5H), 7.82-7.75 (m, 3H), 7.27-
7.09 (m, 5H), 4.58 (ddd, 1H, J=11.5, 8.0, 2.9 Hz), 4.48-4.40 (m, 2H), 4.32 (ddd, 1H, J=10.9, 8.0,
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4.5 Hz), 4.26-4.19 (m, 2H), 4.06 (dd, 1H, J = 8.0, 6.9 Hz), 3.65 (m, 1H), 3.17-3.09 (m, 1H), 3.07 (q,
2H, J = 6.9 Hz), 2.84-2.76 (m, 2H), 2.72-2.63 (m, 3H), 1.94-1.85 (m, 1H), 1.78-1.73 (m, 1H), 1.73 (s,
3H), 1.68-1.35 (m, 9H), 1.28-1.10 (m, 10H), 0.88-0.72 (m, 19H), 0.58 (t, 3H, J= 7.5 Hz), 0.43 (d, 3H,
J = 6.3 Hz); 3C NMR (125 MHz, DMSO-ds) & 201.6, 172.1, 171.9, 171.4, 170.9, 170.7 (x2), 169.3,
167.3, 137.9, 129.2, 128.0, 126.2, 57.7, 57.1, 57.0, 56.2, 53.9, 51.9, 48.1, 47.9, 38.7, 38.1, 36.9, 36.7,
36.1 (x2), 31.3, 31.2, 27.6, 26.6, 24.1, 24.0 (x2), 22.9, 22.5, 22.3, 21.0, 19.3, 19.2, 19.1, 17.7, 14.9,
14.5, 11.2, 11.0; HRMS (ESI) caled for C4sHssN190oS* [M+H]* 975.6060, found 975.6052.

seco-surugamide B (DV4DA)-SNAC (18)

o 18 was synthesized following the same

2 Hb\,(n /K o procedure as for 7 with the substitution of

)\o P o ° Olﬁ/ﬁofs\/\ﬂk Fmoc-D-Val-OH at the position 4 for Fmoc-D-
IEmOCHN/ﬁo( ~wa Ny HQN{ Ala-OH. The synthesis was initiated from
¥ O%:%NWOAN ° Fmoc-D-Leu-2-chlorotrityl resin S1 (loading

18 rate: 0.808 mmol/g, 0.0500 mmol, 61.9 mg).
The obtained crude 18 was purified by reversed phase HPLC (COSMOSIL Cholester 10 x 250 mm)
with MeCN:H,O (= 38:62) containing 0.05% TFA to afford peptide 18 (18.1 mg, 37% for 17 steps) as
a white solid. [a]p!” +11.3 (¢ 0.10, MeOH); 'H NMR (500 MHz, DMSO-ds) & 8.64 (d, 1H, J= 7.5
Hz), 8.61 (d, 1H, J = 8.0 Hz), 8.26-8.14 (m, 3H), 8.07-8.01 (m, 4H), 7.84 (d, 1H, J= 8.6 Hz), 7.75
(br, 2H), 7.28-7.18 (m, 4H), 7.16-7.11 (m, 1H), 4.61-4.53 (m, 2H), 4.38-4.31 (m, 2H), 4.28-4.21 (m,
2H), 4.07 (dd, 1H, J=8.6, 6.9 Hz), 3.65 (m, 1H), 3.14 (dd, 1H, J=14.3, 3.4 Hz), 3.08 (q, 2H, /= 6.3
Hz), 2.85-2.75 (m, 2H), 2.73-2.63 (m, 3H), 1.74 (s, 3H), 1.73-1.28 (m, 12H), 1.27-0.98 (m, 11H),
0.89-0.70 (m, 19H), 0.59 (t, 3H, J = 7.5 Hz), 0.45 (d, 3H, J = 6.9 Hz); '3C NMR (125 MHz, DMSO-
de) 8201.6,171.9 (x2), 171.4 (x2), 170.7, 170.5, 169.3, 167.2, 137.9, 129.2, 128.0, 126.2, 57.7, 571,
56.2 (x2), 53.9, 51.8, 48.0 (x2), 38.7 (x2), 38.1, 37.0, 36.9, 36.7, 36.1, 31.5, 27.6, 26.6, 24.2, 24.1,
24.0,23.9,22.9,22.5,22.3,21.0, 19.5,19.3, 15.1, 14.9, 14.5, 11.2, 11.1, 10.8; HRMS (ESI) calcd for
Ca49HgsN190O9S * [M+H]* 989.6216, found 989.6218.
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seco-surugamide B (I6A)-SNAC (19)

19 was synthesized following the same
HNJH(“ )\ o procedure as for 7 with the substitution of

H Fmoc-L-Ile-OH at the position 6 for Fmoc-L-

o DR TH\ """ Ala-OH. The synthesis was initiated from
s1 o N N"So

)\% o " Fmoc-D-Leu-2-chlorotrityl resin S1 (loading

19 rate: 0.808 mmol/g, 0.0500 mmol, 61.9 mg).

The obtained crude 19 was purified by reversed phase HPLC (COSMOSIL Cholester 10 x 250 mm)
with MeCN:H,0O (= 35:65) containing 0.05% TFA to afford peptide 19 (23.1 mg, 47% for 17 steps) as
a white solid. [a]p!> +1.0 (¢ 0.10, MeOH); 'H NMR (500 MHz, DMSO-ds) & 8.69 (d, 1H, J= 8.0 Hz),
8.61 (d, 1H, J=8.0 Hz), 8.17-8.13 (m, 2H), 8.13-7.99 (m, 6H), 7.75 (br, 2H), 7.23-7.19 (m, 4H), 7.17-
7.11 (m, 1H), 4.67-4.56 (m, 2H), 4.45 (dd, 1H, J=9.2, 6.3 Hz), 4.33 (m, 1H), 4.25 (dd, 1H, J =8.3,
6.3 Hz), 4.21-4.15 (m, 2H), 3.66 (m, 1H), 3.15 (dd, 1H, J = 13.8, 4.0 Hz), 3.09 (q, 2H, J = 6.3 Hz),
2.84-2.78 (m, 2H), 2.72-2.63 (m, 3H), 1.92-1.84 (m, 1H), 1.74 (s, 3H), 1.73-1.29 (m, 10H), 1.27-1.18
(m, 2H), 1.17 (d, 3H, J = 6.9 Hz), 1.09-0.99 (m, 2H), 0.89-0.72 (m, 28H); '3C NMR (125 MHz,
DMSO-ds) 6 201.5,171.9,171.6,171.5,171.1, 170.9, 170.7, 169.3, 167.2, 137.6, 129.3, 127.9, 126.3,
57.8, 57.1, 56.1 (x2), 53.3, 51.8, 48.0, 47.9, 38.7, 38.1, 37.6, 37.4, 36.1 (x2), 31.5, 31.0, 27.6, 26.6,
24.1,24.0,23.7,22.8,22.5,22.2,21.2,19.7,19.3, 18.4,17.8, 15.4, 14.5, 11.0 (x2); HRMS (ESI) caled
for C4sHg3N1009S™ [M+H]* 975.6060, found 975.6062.

seco-surugamide B (DF7DA)-SNAC (20)

20 was synthesized following the same

HN H;\ /L o procedure as for 7 with the substitution of
o ‘S A
*O . M o ° H/j,( T Fmoc-D-Phe-OH at the position 7 for Fmoc-D-
FmocHN °
/IT W‘INH HTIN{ Ala-OH. The synthesis was initiated from
$1 [e] N N [¢]
}\g o " Fmoc-D-Leu-2-chlorotrityl resin S1 (loading
20 rate: 0.808 mmol/g, 0.0500 mmol, 61.9 mg).

The obtained crude peptide 20 was purified by reversed phase HPLC (COSMOSIL Cholester 10 x 250
mm) with MeCN:H>O (= 30:70) containing 0.05% TFA to afford peptide 20 (25.9 mg, 55% for 17
steps) as a white solid: [a]p'® +7.7 (¢ 0.10, MeOH); '"H NMR (500 MHz, DMSO-dc) 6 8.61 (d, 1H, J
= 8.0 Hz), 8.49 (d, 1H, J= 7.5 Hz), 8.16-8.01 (m, 7H), 7.97 (d, 1H, J= 8.6 Hz), 7.78 (br, 2H), 4.63
(quin, 1H, J= 7.5 Hz), 4.46 (dd, 1H, J=9.2, 6.9 Hz), 4.37-4.22 (m, 4H), 4.10 (t, 1H, J= 8.0 Hz),
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3.69-3.62 (m, 1H), 3.07 (q, 2H, J = 6.9 Hz), 2.82-2.75 (m, 2H), 2.72-2.64 (m, 2H), 1.95-1.85 (m, 1H),
1.74 (s, 3H), 1.73-1.24 (m, 12H), 1.22 (d, 3H, J= 6.6 Hz), 1.25-1.18 (m, 2H), 1.17 (d, 3H, J = 6.9 Hz),
1.09-0.97 (m, 3H), 0.86-0.73 (m, S13 31H); '*C NMR (125 MHz, DMSO-ds) & 201.6, 172.5, 171.5
(x2), 170.9, 170.7, 170.5, 169.3, 167.2, 57.6, 57.3, 57.2, 56.2 (x2), 52.0, 48.0, 47.7, 38.7, 38.1, 37.6,
36.6, 36.1 (x2), 31.4, 31.0, 27.6, 26.6, 24.5, 24.1, 24.0, 23.7, 22.9, 22.5, 22.2, 21.0, 19.7, 19.2, 17.9,
17.8,15.4,15.2,14.5,11.2, 11.1, 11.0; HRMS (ESI) caled for C4sHssN190oS* [M+H]* 941.6216, found
941.6213.

seco-surugamide B (DL8DA)-SNAC (21)

- ‘ Q 21 was synthesized following the same

2 Hb\'rn;\ E o procedure as for 7 with the substitution of

0D e 80 © H;ﬁgswﬁk Fmoc-D-Leu-2-chlorotrityl resin for Fmoc-D-
FmDCHNE ﬁo NH Hji:ﬁ./ Ala-2-chlorotrityl resin S5 (loading rate:
;\% o " 0.9577 mmol/g, 0.0499 mmol, 52.2 mg) as a

21 starting material. The obtained crude peptide

21 was purified by reversed phase HPLC (COSMOSIL Cholester 10 x 250 mm) with MeCN:H0O (=
33:67) containing 0.05% TFA to afford peptide 21 (10.1 mg, 21% for 17 steps) as a white solid: [a.]p!”
-8.2 (¢ 0.10, MeOH); 'H NMR (500 MHz, DMSO-ds) & 8.66 (d, 1H, J= 7.5 Hz), 8.60 (d, 1H, J= 8.0
Hz), 8.33 (d, 1H, J = 8.0 Hz), 8.13-8.08 (m, 2H), 8.08-8.00 (m, 4H), 7.73 (d, IH, J = 8.1 Hz), 7.72-
7.66 (m, 2H), 7.27-7.11 (m, 5H), 4.66-4.56 (m, 2H), 4.45 (dd, 1H, J=9.2, 6.3 Hz), 4.35 (quin, 1H, J
=17.5Hz), 4.26-4.21 (m, 2H), 4.06 (t, 1H, J= 8.0 Hz), 3.68-3.61 (m, 1H), 3.18 (dd, 1H, J=13.8,2.9
Hz), 3.09 (q, 2H, J= 6.9 Hz), 2.81 (dd, 2H, J = 7.5, 5.3 Hz), 2.71-2.63 (m, 3H), 1.92-1.83 (m, 1H),
1.77 (s, 3H), 1.76-1.64 (m, 2H), 1.55-1.32 (m, 7H), 1.30 (d, 3H, J= 7.5 Hz), 1.25-1.18 (m, 2H), 1.16
(d, 3H, J= 6.9 Hz), 1.09-0.98 (m, 3H), 0.87-0.73 (m, 19H), 0.58 (t, 3H, J= 6.9 Hz), 0.40 (d, 3H, J =
6.3 S14 Hz); *C NMR (125 MHz, DMSO-ds) 6 201.6, 171.5, 171.4 (x2), 170.8, 170.7 (x2), 169.3,
167.2,137.9, 129.1, 128.0, 126.2, 57.3, 57.1, 56.2, 56.1, 55.0, 53.8, 51.9,47.9, 38.7, 38.1, 37.6, 36.9,
36.4,36.1,31.5,31.0, 27.5, 26.6, 23.9, 23.7, 22.5,22.1, 21.0, 19.7, 19.2, 17.8, 17.3, 15.3, 14.8, 14.5,
11.1 (x2), 10.9; HRMS (ESI) caled for C4sHs3N100oS™ [M+H]" 975.6060, found 975.6052.
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seco-surugamide B (K50dAA)-SNAC (22)

o o \ 22 was synthesized following the same

ETE\WH;\ )\ o procedure as for 7 with the substitution of

)\O R goo H;ﬁgswﬂk Fmoc-L-Lys(Boc)-OH at the position 5 for
FmOCHN/E ﬁ“‘\‘ENH HTHH\Z:]SO/ Fmoc-L-*aminoadipic acid Stert-butyl ester.
)\% o " The synthesis was initiated from Fmoc-D-Leu-

2 2-chlorotrityl resin S1 (loading rate: 0.554

mmol/g, 0.0500 mmol, 90.3 mg). Then general procedures were used to obtain crude protected peptide.
To the residue was added a cleaving cocktail of TFA/H,O/TIS = 95:2.5:2.5 (1.00 mL) to remove the
protecting group. After being stirred for 2 h at room temperature, the reaction mixture was diluted with
Et,0 (24 mL), centrifuged at 3500 x g for 5 min at 4 °C, and Et,O layer was removed by decantation.
This procedure was repeated twice. The crude peptide was purified with MeCN:H>O (= 50:50)
containing 0.05% TFA to afford peptide 22 (18.4 mg, 36% for 17 steps) as a white solid. [a]p!® -3.7
(¢ 0.10, MeOH); '"H NMR (500 MHz, DMSO-ds) & 12.0 (br, 1H), 8.68 (d, 1H, J = 8.0 Hz), 8.64 (d,
1H, J= 8.0 Hz), 8.26 (d, 1H, J= 8.0 Hz), 8.20-8.00 (m, 6H), 7.91 (d, 1H, J=9.2 Hz), 7.32-7.14 (m,
5H), 4.71-4.61 (m, 2H), 4.50 (dd, 1H,J=S119.2, 6.9 Hz), 4.41-4.35 (m, 1H), 4.33-4.28 (m, 2H), 4.12
(dd, 1H, J= 8.6, 7.5 Hz), 3.73-3.66 (m, 1H), 3.20-3.09 (m, 3H), 2.87-2.81 (m, 2H), 2.73 (dd, 1H, J =
13.2, 12.0 Hz), 2.19-2.10 (m, 2H), 2.00-1.91 (m, 1H), 1.82-1.34 (m, 15H), 1.20 (d, 3H, J = 6.9 Hz),
1.18-1.00 (m, 3H), 0.93-0.76 (m, 25H), 0.64 (t, 3H, J = 7.5 Hz), 0.49 (d, 3H, J = 6.9 Hz); *C NMR
(125 MHz, DMSO-ds) 6 201.6, 174.2, 171.8, 171.5, 171.4, 170.9, 170.6 (x2), 169.3, 167.2, 137.9,
129.2, 128.0, 126.2, 57.7, 57.2, 57.0, 56.2, 56.1, 53.8, 51.8, 47.9, 38.1, 37.6, 37.0, 36.7, 36.1 (x2),
33.2,31.6,31.0,27.6,24.1,24.0,23.9,23.7,22.9,22.5,21.0,20.8, 19.7, 19.3, 17.7, 15.4, 14.9, 14.5,
11.2, 11.1, 11.0; HRMS (ESI) calcd for Cs1HgsNoO11S* [M+H]" 1032.6162, found 1032.6158.

seco-surugamide B (DL8DR)-SNAC (23)

23 was synthesized following the same
HNC (; R NH,

o M H;\ j T , procedure as for 7 with the substitution of

T
B N goo H/ﬁgs\/\ﬂk Fmoc-p-Leu-2-chlorotrityl resin for Fmoc-D-

o e
" HNT R HWJH\ZN{ Arg(Pbf)-2-chlorotrityl resin S9 (loading rate:
s9 O N [Nie]

;\% o H 0.520 mmol/g, 0.0500 mmol, 96.2 mg) as a

23 starting material. The obtained crude peptide 23
was purified by reversed phase HPLC (COSMOSIL Cholester 10 x 250 mm) with MeCN:H2O (=
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34:66) containing 0.05% TFA to afford peptide 23 (18.0 mg, 34% for 19 steps) as a white solid: [a]p!”
-5.7 (¢ 0.10, MeOH); 'H NMR (500 MHz, DMSO-ds) 4 8.73 (d, 1H, J= 6.9 Hz), 8.60 (d, 1H, J= 8.0
Hz), 8.25 (d, 1H, J = 8.6 Hz), 8.12-8.02 (m, 7H), 7.81 (d, 1H, J = 8.6 Hz), 7.78-7.71 (m, 4H), 7.59-
7.29 (br, 1H), 7.28-7.11 (m, 5H), 4.65-4.57 (m, 2H), 4.45 (dd, 1H, J= 8.6, 6.3 Hz), 4.32-4.19 (m, 3H),
4.08 (dd, 1H, J = 8.6, 6.9 = Hz), 3.68-3.62 (m, 1H), 3.20-3.14 (m, 1H), 3.11-3.04 (m, 4H), 2.86-2.77
(m, 2H), 2.73-2.64 (m, 3H), 1.94-1.85 (m, 1H), 1.84-1.66 (m, 6H), 1.66-1.28 (m, 10H), 1.28-1.17 (m,
2H), 1.16 (d, 3H, J = 6.9 Hz), 1.09-0.99 (m, 3H), 0.87-0.71 (m, 19H), 0.58 (t, 3H, J = 6.6 Hz), 0.45
(d, 3H, J= 8.9 Hz); 1*C NMR (125 MHz, DMSO-ds) 6 201.0, 171.9, 171.5, 171.4, 170.9, 170.7 (x2),
169.4,167.2,156.8,137.8,129.1, 128.0, 126.3, 72.3, 59.1, 57.2, 57.0, 56.2 (x2), 53.8, 52.0, 47.9, 38.7,
38.1,37.6,37.0, 36.7, 36.1, 31.3, 31.0, 28.1, 27.6, 26.6, 24.9, 23.9, 23.8, 23.7, 22.5, 22.3, 19.7, 19.2,
17.8, 15.4, 14.9, 14.5, 11.2, 11.1, 11.0; HRMS (ESI) caled for CsiHooN1300S* [M +H]" 1060.6700,
found 1060.6690.

seco-surugamide B (DL8DN)-SNAC (24)

- © 24 was synthesized following the same
AN N NH,
HNE[\(H RN o procedure as for 7 with the substitution of
NHTrt o ;\ H s k
o SCIWT TN F Leu-2-chlorotrityl resin for F
20 oM. 0 5 moc-D-Leu-2-chlorotrityl resin for Fmoc-D-
FmocHNW
o T " HZN{ Asn(Trt)-2-chlorotrityl resin S10 (loading rate:
$10 o) N o)
}\% o " 0.563 mmol/g, 0.0500 mmol, 88.8 mg) as a
2 starting material. The obtained crude peptide

24 was purified by reversed phase HPLC (COSMOSIL Cholester 10 x 250 mm) with MeCN:H>O (=
38:62) containing 0.05% TFA to afford peptide 24 (12.8 mg, 25% for 19 steps) as a white solid: [a.]p!”
-15.0 (¢ 0.10, MeOH); '"H NMR (500 MHz, DMSO-dc) 4 8.67 (d, 1H, J= 8.0 Hz), 8.63 (d, 1H, /= 8.6
Hz), 8.37 (d, 1H, J = 8.6 Hz), 8.17 (d, 1H, J = 8.6 Hz), 8.13-8.00 (m, 5H), 7.85 (d, 1H, J = 8.6 Hz),
7.71-7.65 (m, 2H), 7.55 (br, 1H), 7.29-7.09 (m, 5H), 7.05 (br, 1H), 4.47-4.61 (m, 3H), 4.44 (dd, 1H,
J=9.2,6.3 Hz), 4.25-4.16 (m, 2H), 4.11 (dd, 1H, J = 8.0, 7.5 Hz), 3.71-3.64 (m, 1H), 3.21-3.14 (m,
1H), 3.13-3.03 (m, 2H), 2.83-2.77 (m, 2H), 2.73-2.63 (m, 4H), 2.63-2.52 (m, 1H), 1.92-1.82 (m, 1H),
1.79-1.66 (m, 5H), 1.59-1.29 (m, 7H), 1.25-1.09 (m, 8H), 0.88-0.73 (m, 19H), 0.58 (t, 3H, J= 6.9 Hz),
0.40 (d, 3H, J = 6.9 Hz); '3C NMR (125 MHz, DMSO-ds) & 200.3, 171.6, 171.5, 171.3, 170.9 (x2),
170.8, 170.7, 169.4, 167.3, 137.8, 129.2, 128.0, 126.2, 60.2, 57.6, 56.2, 56.0, 53.8, 51.9, 47.9, 38.7,
38.1,37.5,37.1, 36.8, 36.4, 36.1, 31.4, 30.8, 27.7, 26.6, 23.9 (x2), 23.8, 22.5,22.1, 19.8, 19.2, 18.1,
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15.2, 14.8, 14.5, 11.2, 11.1; HRMS (ESI) caled for C4oHgaN11010S* [M+H]" 1018.6118, found
1018.6108.

seco-surugamide B (DL8DS)-SNAC (25)

- ) © 25 was synthesized following the same

;\ - o procedure as for 7 with the substitution of
_OtBu 0%0 N/}(S\/\N)k . .
T . Q HN. O Ho8 H Fmoc-D-Leu-2-chlorotrityl resin for Fmoc-D-
FmocHN/ﬁf
o oYM f 1y Ser(tBu)-2-chlorotrityl resin S11 (loading
S11 o) N 0
)\% o " rate: 0.769 mmol/g, 0.0500 mmol, 65.0 mg)
25 as a starting material. The obtained crude

peptide 25 was purified by reversed phase HPLC (COSMOSIL Cholester 10 x 250 mm) with
MeCN:H>0 (= 39:61) containing 0.05% TFA to afford peptide 25 (15.1 mg, 31% for 19 steps) as a
white solid: [a]p!” -11.3 (¢ 0.10, MeOH); '"H NMR (500 MHz, DMSO-dc) § 8.76 (d, 1H, J= 7.5 Hz),
8.64 (d, 1H, J= 8.0 Hz), 8.31 (d, 1H, J= 8.6 Hz), 8.17-8.01 (m, 6H), 7.80 (d, 1H, J=9.2 Hz), 7.69
(br, 2H), 7.30-7.26 (m, 2H), 7.22-7.17 (m, 2H), 7.15-7.10 (m, 1H), 5.29 (br, 1H), 4.76 (ddd, 1H, J =
12.0, 8.0, 3.4 Hz), 4.68 (quin, 1H, J = 7.5 Hz), 4.48-4.38 (m, 2H), 4.25-4.18 (m, 2H), 4.10 (dd, 1H, J
= 8.6, 6.9 Hz), 3.80-3.75 (m, 1H), 3.69-3.60 (m, 2H), 3.22 (dd, 1H, J=13.8, 2.9 Hz), 3.09 (q, 2H, J
=6.9 Hz), 2.85-2.79 (m, 2H), 2.72-2.62 (m, 3H), 1.92-1.82 (m, 1H), 1.79-1.65 (m, 5H), 1.59-1.29 (m,
7H), 1.28-1.18 (m, 2H), 1.15 (d, 3H, J= 6.9 Hz), 1.09-0.98 (m, 3H), 0.88-0.70 (m, 19H), 0.56 (t, 3H,
J=6.9 Hz),0.41 (d, 3H, J= 6.9 Hz); *C NMR (125 MHz, DMSO-ds) 6 199.8, 172.0, 171.5, 171 4,
170.9, 170.8, 170.6, 169.4, 167.3, 137.9, 129.3, 127.9, 126.2, 61.8, 61.3, 57.5, 56.9, 56.1 (x2), 53.7,
51.9,47.9, 38.7, 38.1, 37.6, 37.3, 36.5, 36.1, 31.4, 30.8, 27.7, 26.6, 23.9, 23.8, 22.5,22.2, 21.0, 19.8,
19.2, 18.0, 15.3, 14.9, 14.5, 11.2 (x2), 11.0; HRMS (ESI) calcd for C4sHs>N19O10SNa*™ [M+Na]*
1013.5828, found 1013.5830.

seco-surugamide B (DL8DF)-SNAC (26)

Q 26 was synthesized following the same
HoNC N
\TE\WH /© o procedure as for peptide 7 with the

< : o o goolﬁﬁofs\/\ﬁk substitution of Fmoc-D-Leu-2-chlorotrityl
- o R
FmOCHN/I( ﬁ"fNH Y “ZNﬁju resin for Fmoc-D-Phe-2-chlorotrityl resin S12
N
512 O%:% Iae (loading rate: 0.9593 mmol/g, 0.0501 mmol,

52.2 mg) as a starting material. The obtained
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crude peptide 26 was purified by reversed phase HPLC (COSMOSIL Cholester 10 x 250 mm) with
MeCN:H,0 (= 36:64) containing 0.05% TFA to afford peptide 26 (13.9 mg, 26% for 17 steps) as a
white solid: [a]p'® -6.8 (¢ 0.10, MeOH); '"H NMR (500 MHz, DMSO-ds)  8.82 (d, 1H, J = 7.5 Hz),
8.64 (d, 1H, J=8.0 Hz), 8.23 (d, 1H, J = 8.6 Hz), 8.17-8.13 (m, 2H), 8.11-8.05 (m, 4H), 7.86 (d, 1H,
J=28.6 Hz), 7.77-7.72 (m, 2H), 7.28-7.15 (m, 10H), 4.70-4.53 (m, 3H), 4.59-4.53 (m, 1H), 4.31-4.26
(m, 2H), 4.12 (dd, 1H, J= 8.6, 6.9 Hz), 3.72-3.66 (m, 1H), 3.15-3.08 (m, 4H), 2.97 (dd, 1H, J=14.3,
9.7 Hz), 2.85 (t, 2H, J = 7.5 Hz), 2.73-2.63 (m, 3H), 1.98-1.89 (m, 1H), 1.79 (s, 3H), 1.75-1.71 (m,
2H), 1.62-1.32 (m, 7H), 1.32-1.22 (m, 2H), 1.19 (d, 3H, J= 6.9 Hz), 1.13-1.02 (m, 3H), 0.91-0.75 (m,
19H), 0.61 (t, 3H, J = 7.5 Hz), 0.47 (d, 3H, J = 6.9 Hz); 1*C NMR (125 MHz, DMSO-ds) & 200.2,
171.6,171.5(x2),170.9,S15 170.7,170.6, 169.4, 167.2,137.7,137.0, 129.1 (x2), 128.3, 128.0, 126.5,
126.2,60.7,57.2,57.0,56.2, 56.1, 53.7,51.9,47.9, 38.7, 38.1, 37.6, 37.1, 36.7, 36.6, 36.1, 31.4, 31.0,
27.7,26.6,23.9,23.8,23.7,22.5,22.3,19.7,19.2,17.8, 15.3, 14.9, 14.5, 11.2, 11.1, 11.0; HRMS (ESI)
caled for Cs4sHgsN1009SNa™ [M+Na]* 1073.6192, found 1073.6196.

seco-surugamide B (DL8G)-SNAC (27)

- \ (; 27 was synthesized following the same
HN N ;\ o  procedure as for peptide 7 with the substitution
0%0 N/}(S\/\N)k . .

-Q HN. O Hog H of Fmoc-D-Leu-2-chlorotrityl resin for Fmoc-
FmocHN/ﬁ( . 3

© T HZNﬁ/”’ Gly-2-chlorotrityl resin S13 (loading rate:
S$13 O NWH\H o

© 0.860 mmol/g, 0.0500 mmol, 58.1 mg) as a

z starting material. The obtained crude peptide

27 was purified by reversed phase HPLC (COSMOSIL Cholester 10 x 250 mm) with MeCN:H>O (=
36:64) containing 0.05% TFA to afford peptide 27 (4.4 mg, 9% for 17 steps) as a white solid: [a]p'® -
14.3 (¢ 0.10, MeOH); 'H NMR (400 MHz, DMSO-ds) 5 8.70-8.62 (m, 2H), 8.52-8.46 (m, 1H), 8.24-
7.94 (m, 7H), 7.69-7.58 (m, 2H), 7.32-7.13 (m, SH), 4.76-4.65 (m, 1H), 4.65-4.56 (m, 1H), 4.53-4.45
(m, 1H), 4.32-4.19 (m, 2H), 4.12-3.95 (m, 3H), 3.74-3.66 (m, 1H), 3.21-3.12 (m, 3H), 2.92-2.85 (m,
2H), 2.81-2.61 (m, 3H), 1.95-1.86 (m, 1H), 1.79 (s, 3H), 1.78-1.70 (m, 2H), 1.63-1.31 (m, 7H), 1.30-
1.10 (m, 8H), 0.94-0.73 (m, 19H), 0.69-0.61 (m, 3H), 0.48-0.42 (m, 3H); *C NMR (100 MHz, DMSO-
ds) 6 198.0, 172.0, 171.7, 171.4, 171.0, 170.9, 170.8, 169.4, 167.3, 137.8, 129.1, 128.0, 126.3, 57.6,
57.3, 56.1 (X2), 54.1, 51.8, 49.0, 47.9, 38.1 (x2), 37.5, 37.0, 36.1 (x2), 31.5, 30.7, 27.4, 26.5, 24.1,
23.9, 23.8, 22.5, 22.0, 19.8, 19.2, 18.0, 15.2, 14.8, 14.5, 11.1, 11.0, 10.9; HRMS (ESI) calcd for
C47H31N1000S* [M+H]* 961.5903, found 961.5906.
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seco-surugamide B (I1W)-SNAC (28)
(; 28 was synthesized following the same

H,N
H
N

HN ;\ )\ o procedure as for peptide 7 with the
/K 005 ”/Ys\/\uk
: o
FmocHN/}(oo
o

HN (o]
ﬁ*“fNH H HZNI\EQ for Boc-L-Trp(Boc)-OH. The synthesis was
s1 OQ\ENTH\N o ~NH
H
2

0 initiated  from  Fmoc-D-Leu-2-chlorotrityl
8

substitution of Boc-L-Ile-OH at the position 1

resin S1 (loading rate: 0.723 mmol/g, 0.0400
mmol, 55.3 mg). The obtained crude peptide 28 was purified by reversed phase HPLC (COSMOSIL
Cholester 10 x 250 mm) with MeCN:H,O (= 40:60) containing 0.05% TFA to afford peptide 28 (24.0
mg, 55% for 17 steps) as a white solid: [a]P!®-2.2 (¢ 0.10, MeOH); '"H NMR (500 MHz, DMSOds): &
11.04-11.02 (br, 1H), 8.66 (t, 2H, J=7.5 Hz), 8.26 (d, 1H, J= 8.6 Hz), 8.11-8.05 (m, 6H), 7.87 (d, 1H,
J=28.6 Hz), 7.79 (m, 2H), 7.67 (d, 1H, J= 8.0 Hz), 7.35 (d, 1H, J = 8.0 Hz), 7.30-7.15 (m, 6H), 7.08
(t, 1H, J="7.5 Hz), 7.00 (t, 1H, J= 7.5 Hz), 4.65-4.59 (m, 1H), 4.54 (q, 1H, J= 7.5 Hz), 4.46 (dd, 1H,
J=18.9, 6.6 Hz), 4.39-4.34 (m, 1H), 4.31-4.24 (m, 2H), 4.09 (t, IH, J=8.0 Hz), 4.04 (dd, IH, J=11.5,
5.2 Hz), 3.21-3.05 (m, SH), 2.86-2.81 (m, 2H), 2.76-2.67 (m, 3H), 1.96-1.89 (m, 1H), 1.77 (s, 3H),
1.75-1.19 (m, 12H), 1.14-1.04 (m, 2H), 1.02 (d, 3H, J = 6.9 Hz), 0.90 (d, 3H, J = 6.3 Hz), 0.83-0.74
(m, 16H), 0.61 (t, 3H, J = 6.9 Hz), 0.47 (d, 3H, J = 6.9 Hz); '3C NMR (125 MHz, DMSO-ds) & 201.5,
171.8,171.5,171.3,170.8, 170.6, 170.5, 169.3, 167.8, 137.8, 136.2, 129.1, 127.9, 127.0, 126.1, 124.9,
121.0, 118.5, 118.2, 111.3, 106.8, 57.6, 57.1, 57.0, 56.2, 53.8, 52.5, 51.8, 47.9, 38.6, 38.0, 37.5, 36.9,
36.8, 36.6, 31.3, 31.0, 27.5, 27.3, 26.5, 24.0, 23.9, 23.6, 22.8, 22.4, 22.2, 21.0, 19.1(x2), 17.7, 15.3,
14.8, 11.1, 11.0; HRMS (ESI) caled for CssHg7N1109SNa*™ [M+Na]* 1112.6301, found 1112.6309.

seco-surugamide B (I1P)-SNAC (29)

- . 29 was synthesized following the same
Hb\(“;\ )\ o procedure as for peptide 7 with the

)\ 0%0 N/WS\/\NJK o ..
C L Q HN. O H o § H substitution of Boc-L-Ile-OH at the position 1

FmocHN/W
o ﬁ " WJSNE for Boc-L-Pro-OH. The synthesis was
st o N"So

)\% o " initiated from Fmoc-D-Leu-2-chlorotrityl
29 resin S1 (loading rate: 1.054 mmol/g, 0.0500

mmol, 47.4 mg). The obtained crude peptide 29 was purified by reversed phase HPLC (COSMOSIL
Cholester 10 x 250 mm) with MeCN:H,O (= 33:67) containing 0.05% TFA to afford peptide 29 (32.2
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mg, 64% for 17 steps) as a white solid: [a]p?°-11.4 (¢ 0.10, MeOH); 1H NMR (500 MHz, DM SO-dj)
89.12 (br, 1H), 8.69 (d, 1H, J= 7.5 Hz), 8.63 (d, 1H, J= 7.5 Hz), 8.57-8.47 (m, 1H), 8.27 (d, 1H, J =
8.6 Hz), 8.11-8.03 (m, 3H), 7.84 (d, 1H, J = 8.6 Hz), 7.67-7.61 (br, 2H), 7.31- 7.16 (m, 5H), 4.61 (ddd,
1H, J = 12.0, 8.6, 3.4 Hz), 4.54 (quin, 1H, J = 7.5 Hz), 4.46 (dd, S8 1H, J= 9.2, 6.3 Hz), 4.40-4.34
(m, 1H), 4.30-4.25 (m, 2H), 4.17-4.07 (m, 2H), 3.24-3.16 (m, 3H), 3.12 (q, 2H, J= 6.9 Hz), 2.86-2.81
(m, 2H), 2.76-2.67 (m, 3H), 2.33-2.26 (m, 1H), 1.90-1.78 (m, 4H), 1.77 (s, 3H), 1.75-1.24 (m, 11H),
1.22 (d, 3H, J=6.9 Hz), 1.16-0.98 (m, 3H), 0.91 (d, 3H, J= 6.9 Hz), 0.85-0.74 (m, 16H), 0.62 (t, 3H,
J=6.9 Hz), 0.47 (d, 3H, J = 6.9 Hz); 3C NMR (125 MHz, DMSO-ds) 4 201.6, 171.8, 171.5, 171.3,
170.8, 170.7 (x2), 169.3, 167.5, 137.9, 129.2, 128.0, 126.2, 59.0, 57.7, 57.4, 57.3, 57.1, 56.4, 53.9,
51.9,45.8, 38.7, 38.1, 37.6, 36.9, 36.6 (x2), 31.1, 31.0, 29.7, 27.6, 26.6, 24.0, 23.9, 23.7, 23.5, 22.9,
22.5,22.2,21.0, 19.2 (x2), 17.8, 15.4, 14.9, 11.1 (x2); HRMS (ESI) calcd for CsoHgsN19O9SNa™
[M+Na]" 1023.6036, found 1023.6055.

seco-surugamide B-methyl ester (31)

31: To the linear octapeptide S3 prepared

BocHN_ =~ N HoN Q
Hb\,(n )\ \Té\(“ )\ by SPPS approach in DMF (1 mL) were
o
]

added DIPEA (88 uL, 0.493 mmol) and

—_—

TO ¢} HNTO [e]
ﬁo qu:i ﬁo Iﬂ#:{ iodomethane (31 pL, 0.498 mmol). After
N

o " being stirred for 15 min at 100 °C with

s3 31 microwave, the reaction mixture was
quenched with saturated aqueous NH4Cl. The resulting solution was extracted with EtOAc (x 3). The
organic layer was washed with brine, dried over MgSQOs, and filtered. The solution was concentrated
and azeotroped with toluene (x 3). To the residue was added a cleaving cocktail of TFA/H,O/TIS =
95:2.5:2.5 (1.00 mL) to remove the protecting group. After being stirred for 1 h, the reaction mixture
was filtered, and the reaction mixture was diluted with Et;O (24 mL), centrifuged at 3500 x g for 5
min at 4 °C, and Et,O layer was removed by decantation. This procedure was repeated twice. The
crude was purified by reversed-phase HPLC (COSMOSIL 5C;5-AR-II 10 x 250 mm, nacalai tesque)
with MeCN:H,O (= 40:60) containing 0.05% TFA to afford peptides 31 (8.1 mg, 35% for 17 steps) as
a white solid: [a.]p?® -5.3 (¢ 0.20, MeOH); 1H NMR (400 MHz, DMSO-dc) 6 8.64 (d, 1H, J= 8.2 Hz),
8.34 (d, 1H, J= 7.3 Hz), 8.24 (d, 1H, J = 8.6 Hz), 8.19-8.03 (m, 5H), 7.91 (d, 1H, J= 8.2 Hz), 7.73
(br, 2H), 7.29-7.13 (m, SH), 4.67 (quin, 1H, J= 7.3 Hz) , 4.59 (ddd, 1H, J=11.3, 9.1, 4.1 Hz), 4.50
(dd, 1H,J=9.1, 6.3 Hz), 4.32-4.24 (m, 3H), 4.09 (dd, 1H, J= 8.2, 7.3 Hz), 3.69 (m, 1H), 3.61 (s, 3H),
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3.07 (dd, 1H, J = 14.5, 3.6 Hz), 2.75-2.65 (m, 3H), 1.93 (m, 1H), 1.83-1.32 (m, 12H), 1.31-1.21 (m,
2H), 1.19 (d, 3H, J = 6.8 Hz), 1.16-1.03 (m, 3H), 0.93-0.75 (m, 25H), 0.64 (t, 3H, J = 7.7 Hz), 0.48
(d, 3H, J= 6.8 Hz); *C NMR (100 MHz, S20 DMSO-ds) § 172.7, 171.5 (x3), 170.9, 170.7 (x2), 167.2,
137.8, 129.2, 128.0, 126.2, 57.4, 57.2, 56.2 (x2), 53.7, 51.9 (x2), 50.4, 47.9, 38.7, 37.6, 37.4, 36.5
(x2), 36.1,31.3, 30.9, 26.6, 24.2, 24.0, 23.9, 23.7, 22.8,22.2, 21.3, 19.7, 19.2, 17.9, 15.3, 14.9, 14.5,
11.2, 11.1 (x2); HRMS (ESI) calcd for CasHsaN9Oo" [M+H]* 930.6387, found 930.6383.

Synthesis of diol-activated linear peptides

seco-surugamide B-EG (35), seco-surugamide B-PD (S14), seco-surugamide B-BD (S15) and seco-

surugamide B-DEG (S16)

Q@ — HO 0 —— FmocHN;\Wo\R,OO
o

s2 S21:R = }f\/\fi
$22: R = P NK $17:R = ¥
823 R= Yo~ R $18:R= PN
S24:R= Yo $19:R = PN

$20:R= ¥ o N\
Fmoc-p-Leu-diol-2-chlorotrityl resins (S17-S20): 2-chlorotrityl resin S2 (120 mg, 0.188 mmol) in
Libra tube was swelled with CH>Cl, for 10 min, and then excess solvent was removed by filtration. To
the resin was added a solution of diols [ethylene glycol (EG), 1,3-propanediol (PD), 1,4-butanediol
(BD) and diethylene glycol (DEG)] (0.752 mmol), and DIPEA (163.7 uL, 0.940 mmol) in CH>Cl, (2.0
mL), and shaken for 2 h at 40 °C to give diol-2-chlorotrityl resins S21-S24. To the resin was added a
solution of Fmoc D-Leu-OH (132.9 mg, 0.376 mmol), DIC (117.7 pL, 0.752 mmol) and DMAP
(0.00188 mmol, 0.230 mg) in CH>Cl (2.0 mL) and stirred for 3 h at 40 “C to give Fmoc-D-Leu-diol-
2-chlorotrityl resins S17-S20. Dried S17-S20 (5.0 mg) was added with 20% piperidine in DMF, and
stirred for 1 h. The supernatant was diluted with DMF, and was subjected to UV measurement.
Loading rates for S17-S20 were calculated to be 0.685 mmol/g, 0.792 mmol/g, 0.530 mmol/g and

0.475 mmol/g, respectively, from observed UV absorbance at 301 nm.

)\ o - o> o 0 )\
FmocHN/WO\RfOO _— R3HN,, N/YH N/YH N\ﬁﬂﬂ N/H(O\R,OfRz
o H 0o o - o} o 1

S17:R= ¥ (/NHR:,

$18:R= PN K

S19:R = ;f\/\/\;f\ $25:R;= W_  Rp=resin, Ry =Boc 35:R;= ..  Rp;=Rg=H

$20:R = PN N $26: Ry = W% Rj=resin, Ry=Boc . S14:Ry= W% Ry=Rg=H
S27:Ry= W~ Rp=resin, Ry = Boc $15: Ry = ¥~ Rz=Rg=H
$28:Ry= ¥ "o % R, =resin, Ry =Boc $16: Ry = P "o ™% R;=Rg=H
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Diol-activated peptides (35, S14-S16): The resins S17, S18, S19, and S20 (0.025 mmol) in Libra tube
were swelled in CH>Cl, for 10 min, which was subjected to 7 cycles [Fmoc-D-Phe-OH, Fmoc-L-Ile-
OH, Fmoc-L-Lys (Boc)-OH, Fmoc-D-Val-OH, Fmoc-L-Ile-OH, Fmoc-D-Ala-OH, Boc-L-Ile-OH] of
SPPS protocol described above to afford resin-bound peptides S25-S28. To the peptides S25-S28 were
added TFA/H,O/TIP =95:2.5:2.5 (1.0 mL), being shaken for 30 min, and then the reaction mixture
was filtered. This procedure was repeated twice. The filtrate was diluted with Et,O (12 mL) and was
chilled (-80 °C), then centrifuged with 3,500 x g for 10 min at 4 °C to afford crude peptides. The crude
peptides were purified by HPLC with COSMOSIL 5Cs-MS-II 20 mm L.D. x 250 mm, which was
eluted by mobile phase MeCN:H»O (= 40:60) containing 0.05 % TFA with flow rate at 10 ml/min, to
afford peptides 35 (15.9 mg, 82.8 % for 15 steps), S14 (9.5 mg, 39.0 % for 15 steps), S15 (8.4 mg,
34.0 % for 15 steps), and S16 (11.5 mg, 45.8 % for 15 steps) as a colorless amorphous solid.
seco-surugamide B-EG (35): [a]p?' +4.26 (¢ 0.95, DMSO); 'H NMR (400 MHz, DMSO-ds) & 8.62
(d,J=28.1Hz, 1H), 8.32 (d, J=7.6 Hz, 1H), 8.22 (d, J= 8.1 Hz, 1H), 8.09 (dd, J=26.5, 9.0 Hz, 5H),
7.88-7.81 (m, 3H), 7.24-7.10 (m, SH), 4.81 (br, 1H), 4.63 (q, J = 7.0 Hz, 1H), 4.55 (t, J= 11.0 Hz,
1H), 4.45 (t, J= 7.4 Hz, 1H), 4.29-4.22 (m, 3H), 4.06 (t, /= 7.6 Hz, 1H), 4.00 (d, J = 3.6 Hz, 2H),
3.66 (s, 1H), 3.52 (t,J=4.5 Hz, 2H), 3.03 (d, /= 11.7 Hz, 1H), 2.67 (t,J = 11.7 Hz, 3H), 2.46 (s, 3H),
1.89 (q, J = 6.4 Hz, 1H), 1.70 (t, J = 7.2 Hz, 2H), 1.54-1.39 (m, 7H), 1.21 (t, J = 7.0 Hz, 2H), 1.16-
1.11 (m, 3H), 1.09-1.02 (m, 3H), 0.88-0.73 (m, 25H), 0.59 (t, J = 7.2 Hz, 3H), 0.44 (d, J = 6.7 Hz,
3H); 3C NMR (100 MHz, DMSO-ds) 6 172.5, 171.7,171.6, 171.5, 171.0, 170.8, 170.8, 167.3, 137.9,
129.2 (2xCH), 128.0 (2xCH), 126.2, 66.3, 58.9, 57.4, 57.2, 56.3, 56.2, 53.8, 52.0, 50.5, 48.6, 48.0,
40.4, 38.7,37.6,37.4, 36.6, 36.2, 31.4, 31.0, 26.6, 24.2, 24.0, 23.8, 22.9, 22.3,21.4, 19.8, 19.3, 17.9,
15.4,14.9,14.5,11.3, 11.2, 11.0; HRMS (ESI) calcd for C49HgsNoO1oNa™ [M+Na]" 982.63116, found
982.629717.

seco-surugamide B-PD (S14): [a]p?! +4.83 (c 0.68, DMSO); '"H NMR (400 MHz, DMSO-dj) & 8.61
(d, J=17.6 Hz, 1H), 8.33 (d,J= 6.7 Hz, 1H), 8.21 (d, /= 8.1 Hz, 1H), 8.12 (d, /= 8.5 Hz, 2H), 8.07
(s, 3H), 7.85 (d, J=8.1 Hz, 1H), 7.78 (s, 2H), 7.18 (td, J=19.2, 6.4 Hz, SH), 4.63 (t, J= 6.5 Hz, 1H),
4.57 (d, J=10.3 Hz, 1H), 4.46 (t, J="7.0 Hz, 1H), 4.23 (d, /= 4.9 Hz, 3H), 4.06 (t, /= 6.3 Hz, 3H),
3.66 (s, 1H), 3.46-3.40 (m, 2H), 3.02 (d, J= 13.0 Hz, 1H), 2.66-2.58 (m, 3H), 2.46 (s, 3H), 1.89 (t, J
= 6.3 Hz, 1H), 1.73-1.63 (m, 4H), 1.55-1.38 (m, 7H), 1.22 (d, J = 6.3 Hz, 2H), 1.15 (d, J = 5.4 Hz,
3H), 1.07-1.03 (m, 3H), 0.88-0.73 (m, 25H), 0.59 (t, J = 6.5 Hz, 3H), 0.44 (d, J = 5.4 Hz, 3H); 13C
NMR (100 MHz, DMSO-ds) 6 172.4, 171.7, 171.6, 171.5, 171.0, 170.8, 170.7, 167.3, 137.9, 129.2
(2xCH), 128.0 (2xCH), 126.3, 61.9, 57.4, 57.2, 57.2, 57.1, 56.2, 53.7, 52.0, 50.6, 47.9, 40.4, 38.7,
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37.6,37.4,36.6,36.2,31.6,31.5,31.4, 31.0, 26.6, 24.3, 24.0, 23.8, 22.8, 22.3, 21.4, 19.8, 19.3, 17.9,
15.4, 14.9, 14.5, 11.3, 11.2, 11.0; HRMS (ESI) calcd for CsoHssNoO1o" [M+H]* 974.66487, found
974.66501.

seco-surugamide B-BD (S15): [o]p? +5.12 (¢ 0.52, DMSO); 'H NMR (400 MHz, DMSO-de) & 8.61
(d, J=8.1 Hz, 1H), 8.34 (d, J= 7.6 Hz, 1H), 8.21 (d, J= 8.1 Hz, 1H), 8.12 (d, J = 5.8 Hz, 2H), 8.06
(s, 3H), 7.85 (d, J = 8.5 Hz, 1H), 7.76 (s, 2H), 7.24-7.10 (m, SH), 4.63 (t, J = 7.4 Hz, 1H), 4.59-4.54
(m, 1H), 4.48-4.44 (m, 1H), 4.24 (s, 3H), 4.07 (t, J = 7.6 Hz, 1H), 4.00 (d, J = 4.0 Hz, 2H), 3.65 (s,
1H), 3.35 (t, J = 6.3 Hz, 2H), 3.02 (d, J = 10.8 Hz, 1H), 2.65 (d, J = 13.0 Hz, 3H), 2.46 (s, 3H), 1.89
(q,J = 6.6 Hz, 1H), 1.73 (d, J = 6.7 Hz, 2H), 1.64-1.39 (m, 11H), 1.23-1.14 (m, 5H), 1.05 (t, J= 7.0
Hz, 3H), 0.88-0.73 (m, 25H), 0.58 (t, J = 7.4 Hz, 3H), 0.44 (d, J = 6.7 Hz, 3H); '*C NMR (100 MHz,
DMSO-ds) & 172.4, 1717, 171.5, 171.5, 171.0, 170.7, 170.7, 167.3, 137.9, 129.2 (2xCH), 128.0
(2xCH), 126.2, 64.5, 60.2, 57.3, 57.1, 56.2, 56.2, 53.7, 52.0, 50.6, 47.9, 40.4, 38.7, 38.7, 37.6, 37.4,
36.7,36.2,31.4,31.1, 28.7, 26.6, 25.0, 24.3, 24.0, 23.7, 22.8, 22.3, 21.4, 19.8, 19.3, 17.9, 15.4, 14.9,
14.5, 11.3, 11.2, 11.0; HRMS (ESI) calcd for CsHooNoO1o" [M+H]* 988.68052, found 988.67923.
seco-surugamide B-DEG (S16): [a]p? +3.93 (c 0.79, DMSO); 'H NMR (400 MHz, DMSO-ds) 5 8.61
(d, J= 7.6 Hz, 1H), 8.35 (d, J = 7.6 Hz, 1H), 8.21 (d, J = 8.1 Hz, 1H), 8.13-8.06 (m, SH), 7.86-7.76
(m, 3H), 7.24-7.12 (m, 5H), 4.63 (t, J= 7.2 Hz, 1H), 4.56 (t, J = 11.0 Hz, 1H), 4.46 (t, J= 7.4 Hz, 1H),
4.23 (d, J= 4.0 Hz, 3H), 4.14 (s, 1H), 4.09-4.05 (m, 2H), 3.65 (s, 1H), 3.55 (s, 2H), 3.42 (d, J=4.5
Hz, 2H), 3.38 (d, J = 4.5 Hz, 2H), 3.02 (d, J = 11.7 Hz, 1H), 2.63 (t, J = 12.6 Hz, 3H), 2.46 (s, 3H),
1.89 (q, J= 6.7 Hz, 1H), 1.71-1.61 (m, 2H), 1.52-1.45 (m, 7H), 1.21 (d, J = 6.3 Hz, 2H), 1.15 (d, J =
6.7 Hz, 3H), 1.06 (d, J = 6.3 Hz, 3H), 0.88-0.73 (m, 25H), 0.58 (t, J = 7.2 Hz, 3H), 0.44 (d, J= 6.3
Hz, 3H); 3C NMR (100 MHz, DMSO-d) § 172.4, 171.7, 171.5, 171.5, 171.0, 170.7, 170.7, 167.3,
137.9, 129.2 (2xCH), 128.0 (2xCH), 126.2, 72.3, 68.2, 63.9, 60.2, 57.3, 57.1, 56.2, 56.2, 53.7, 52.0,
50.5,47.9, 40.4, 38.7, 38.7, 37.6, 37.4, 36.6, 36.2, 31.4, 31.0, 26.6, 24.2, 24.0, 23.7, 22.7, 22.3, 21.4,
19.8, 19.3, 17.9, 15.4, 14.9, 14.5, 11.3, 11.2, 11.0; HRMS (ESI) calcd for CsiHooNoO1o" [M+H]*
1004.67543, found 1004.67404.
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seco-surugamide B (I11X)-EG (36-53)

FmocHN/:YO\/\OO
(¢]

$17

H solid-phase peptide synthesis

(0]

NHBoc

2 uﬁ(”ﬁ\ﬁr %WO“OO

distribution of $17 into 19 microtubes

b

W

19 N-Boc proteinogenic __ | Aja Lval  -leu  -Arg -Gl 1-Glu L-Pro

amino acids
solid-phase peptide synthesis
cleavage and deprotection
— . A
H Nw)L ¥ NI N 0
2 \/\
N N Y N N OH
H/W H/ﬁr : H H/Y
R o (0] (0] [¢]
19 proteinogenic L
amino acids NH;

11X variants 36-53

seco-surugamide B (I1X)-EG variants (36-53): Fmoc-D-Leu-EG-2-chlorotrityl resin S17 (loading
rate: 0.578 mmol/g, 0.0125 mmol, 21.6 mg) in Libra tube was swelled in CH>Cl for 10 min, which
was then subjected to 6 cycles [Fmoc-D-Phe-OH, Fmoc-L-Ile-OH, Fmoc-L-Lys(Boc)-OH, Fmoc-D-
Val-OH, Fmoc-L-Ile-OH, Fmoc-D-Ala-OH] of SPPS protocol to afford resin-bound peptide S29. Then
S29 was divided into nineteen microtubes each of which contain nineteen N-Boc proteinogenic amino
acids (i.e. Boc-Gly-OH, Boc-L-Ala-OH, Boc-L-Val-OH, Boc-L-Leu-OH, Boc-L-Phe-OH, Boc-L-
Trp(Boc)-OH, Boc-L-Met-OH, Boc-L-His(Trt)-OH, Boc-L-Arg(Pbf)-OH, Boc-L-Lys(Boc)-OH, Boc-
L-Ser(tBu)-OH, Boc-L-Thr(tBu)-OH, Boc-L-Tyr(tBu)-OH, Boc-L-Asp(OtBu)-OH, Boc-L-Glu(OtBu)-
OH, Boc-L-Asn(Trt)-OH, Boc-L-GIn(Trt)-OH, Boc-L-Pro-OH, Boc-L-Cys(Trt)-OH) except for L-lle.
To the resin was added a solution of DIC (0.0025 mmol) and Oxyma (0.0025 mmol) in DMF (1.0 mL),
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and stirred for 40 min at 37 °C. The reaction mixture was removed, and the resin was washed with
CH>Cl; (x3). Then Boc deprotection and cleavage of the peptide from the resin was carried out by the
solution of TFA/H,O/TIP =95:2.5:2.5 (1.0 mL). The reaction mixture was shaken for 30 min, and then
were filtered. This procedure was repeated twice. The filtrate was diluted with Et,O and was chilled
(—80 °C), then centrifuged with 3,500 x g for 10 min at 4 °C to give N-terminal amino acid-substituted
11X variants 36-53, which were used for enzyme assays without further purifications. The structures
of 36-53 were verified by LC-MS/MS analysis (pp. 237-255, Figure S11-S46). Variant with N-

terminal L-Cys was not amenable for my parallel synthesis.

AEFA-containing EG-substrates (54-60)
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s17 I-(NAEEA)-DL-EG 54-60 (n=1-7)

I-(1AEEA)-DL-EG (54): 54 was synthesized following the same procedure as for peptide 35 with the
substitution of six Fmoc-amino acids of 35 (Fmoc-D-Phe-OH, Fmoc-L-Ile-OH, Fmoc-L-Lys (Boc)-OH,
Fmoc-D-Val-OH, Fmoc-L-Ile-OH, and Fmoc-D-Ala-OH) for one Fmoc-8-amino-3,6-dioxaoctanoic
acid (Fmoc-AEEA-OH). The synthesis was initiated from Fmoc-D-Leu-EG-2-chlorotrityl resin S17
(loading rate: 0.625 mmol/g, 0.020 mmol, 32.0 mg). The crude peptide obtained after Et,O
precipitation was purified by reversed phase HPLC with COSMOSIL 5C;3-MS-1I1 20 mm [.D. x 250
mm, which was eluted by mobile phase MeCN:H>O (= 37:63) containing 0.05 % TFA with flow rate
at 10 ml/min, to afford peptide 54 (6.7 mg, 77.3 % in 5 steps) as a colorless amorphous solid: [o]p*?
+13.74 (¢ 0.43, DMSO); 'H NMR (400 MHz, DMSO-d) & 8.46 (t,J = 4.9 Hz, 1H), 8.08 (s, 2H), 7.97-
7.91 (m, 1H), 4.80 (br, 1H), 4.34 (t, J = 8.8 Hz, 1H), 4.01-3.97 (m, 2H), 3.90 (s, 1H), 3.84 (s, 1H),
3.54-3.52 (m, 7H), 3.42 (q, J = 5.7 Hz, 2H), 3.37 (t, J= 5.6 Hz, 1H), 3.18-3.13 (m, 1H), 1.73 (s, 1H),
1.62-1.43 (m, 4H), 1.13-1.01 (m, 1H), 0.85-0.83 (m, 5H), 0.81-0.80 (m, 7H); '3C NMR (100 MHz,
DMSO-ds) 6 172.5, 169.6, 167.9, 70.1, 69.6, 69.3, 68.8, 66.4, 58.9, 56.5, 49.8, 40.4, 38.7, 36.1, 24.3,
24.1,22.9,21.2,14.5,11.1; HRMS (ESI) caled for C20H40N307" [M+H]"434.28608, found 434.28521.
I-2AEEA)-DL-EG (55): 55 was synthesized following the same procedure as for peptide 35 with the
substitution of six Fmoc-amino acids of 35 (Fmoc-D-Phe-OH, Fmoc-L-Ile-OH, Fmoc-L-Lys (Boc)-OH,
Fmoc-D-Val-OH, Fmoc-L-Ile-OH, and Fmoc-D-Ala-OH) for two Fmoc-AEEA-OH. The synthesis was
initiated from Fmoc-D-Leu-EG-2-chlorotrityl resin S17 (loading rate: 0.625 mmol/g, 0.035 mmol, 56.0

mg). The crude peptide obtained after Et,O precipitation was purified by reversed phase HPLC with
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COSMOSIL 5C13-MS-II 20 mm I.D. x 250 mm, which was eluted by mobile phase MeCN:H»O (=
37:63) containing 0.05 % TFA with flow rate at 10 ml/min, to afford peptide 55 (16.6 mg, 82.0 % in 7
steps) as a colorless amorphous solid: [a]p?? +14.22 (¢ 0.43, DMSO); '"H NMR (400 MHz, DMSO-ds)
5 8.42 (t,J=5.5 Hz, 1H), 8.12-8.08 (m, 2H), 7.90 (d, /= 8.2 Hz, 1H), 7.65 (t, /= 5.5 Hz, 1H), 4.78
(br, 1H), 4.34 (t, J= 8.9 Hz, 1H), 4.02-4.00 (m, 2H), 3.89 (s, 2H), 3.84 (s, 2H), 3.53 (s, 12H), 3.41 (d,
J=15.0 Hz, 4H), 3.24 (q, J = 5.6 Hz, 2H), 3.18-3.13 (m, 1H), 1.74 (d, J = 5.9 Hz, 1H), 1.62-1.50 (m,
2H), 1.11-1.00 (m, 1H), 0.86-0.81 (m, 14H); 3C NMR (100 MHz, DMSO-dc) & 172.4, 169.5, 169.3,
167.8,70.1, 70.1, 69.9, 69.6, 69.4, 69.3, 68.9, 68.7, 66.3, 58.9, 56.5, 49.8, 40.4, 38.7,37.9, 36.1, 24.3,
24.1,22.8,21.2,14.4,11.1; HRMS (ESI) calcd for C26Hs51N4O10" [M+H]"579.35997, found 579.35834.
I-BAEEA)-DL-EG (56): 56 was synthesized following the same procedure as for peptide 35 with the
substitution of six Fmoc-amino acids of 35 (Fmoc-D-Phe-OH, Fmoc-L-Ile-OH, Fmoc-L-Lys (Boc)-OH,
Fmoc-D-Val-OH, Fmoc-L-Ile-OH, and Fmoc-D-Ala-OH) for three Fmoc-AEEA-OH. The synthesis
was initiated from Fmoc-D-Leu-EG-2-chlorotrityl resin S17 (loading rate: 0.625 mmol/g, 0.0125
mmol, 20.0 mg). The crude peptide obtained after Et,O precipitation was purified by reversed phase
HPLC with COSMOSIL 5Cis-MS-II 20 mm [.D. x 250 mm, which was eluted by mobile phase
MeCN:H;0 (= 37:63) containing 0.05 % TFA with flow rate at 10 ml/min, to afford peptide 56 (7.3
mg, 80.7 % in 9 steps) as a colorless amorphous solid: [a]p?*? +9.36 (¢ 0.50, DMSO); '"H NMR (400
MHz, DMSO-ds) 6 8.42 (t,J= 5.0 Hz, 1H), 8.13-8.06 (m, 2H), 7.90 (d, /= 8.2 Hz, 1H), 7.64 (d, J =
5.5 Hz, 2H), 4.75 (br, 1H), 4.34 (t, J = 8.9 Hz, 1H), 4.02 (td, /= 5.0, 1.4 Hz, 2H), 3.89 (s, 2H), 3.84-
3.84 (m, 3H), 3.52 (s, 16H), 3.43-3.40 (m, 8H), 3.24 (q, J = 5.8 Hz, 4H), 1.74 (d, J = 6.4 Hz, 1H),
1.62-1.42 (m, 4H), 1.13-1.04 (m, 1H), 0.86-0.81 (m, 12H); '*C NMR (100 MHz, DMSO-dc) & 172.4,
169.5,169.3, 169.3, 167.8, 70.1 (3xCH>), 69.9, 69.9, 69.6, 69.3 (3xCH>), 68.9, 68.9, 68.7, 66.3, 58.9,
56.5, 49.8, 40.4, 38.7, 38.0, 37.9, 36.1, 24.3, 24.1, 22.8, 21.2, 14.4, 11.1; HRMS (ESI) calcd for
C3HeoNsO3* [M+H]" 724.43386, found 724.43274.

I-(4AEEA)-DL-EG (57): 57 was synthesized following the same procedure as for peptide 35 with the
substitution of six Fmoc-amino acids of 35 (Fmoc-D-Phe-OH, Fmoc-L-Ile-OH, Fmoc-L-Lys (Boc)-OH,
Fmoc-D-Val-OH, Fmoc-L-Ile-OH, and Fmoc-D-Ala-OH) for four Fmoc-AEEA-OH. The synthesis was
initiated from Fmoc-D-Leu-EG-2-chlorotrityl resin S17 (loading rate: 0.625 mmol/g, 0.015 mmol, 25.0
mg). The crude peptide obtained after Et,O precipitation was purified by reversed phase HPLC with
COSMOSIL 5C1g-MS-II 20 mm L.D. x 250 mm, which was eluted by mobile phase MeCN:H»O (=
37:63) containing 0.05 % TFA with flow rate at 10 ml/min, to afford peptide 57 (11.1 mg, 85.2 % in
11 steps) as a colorless amorphous solid: [a]p?* +9.34 (¢ 0.76, DMSO); 'H NMR (400 MHz, DMSO-
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de) 8 8.45 (t, J=5.2 Hz, 1H), 8.08 (s, 2H), 7.92 (d, J = 8.1 Hz, 1H), 7.68-7.61 (m, 3H), 4.78 (br, 1H),
4.38-4.32 (m, 1H), 4.01 (td, J= 5.2, 1.3 Hz, 1H), 3.89 (s, 2H), 3.83 (s, 4H), 3.76 (s, 2H), 3.52 (s, 16H),
3.46-3.44 (m, 3H), 3.41 (t, /= 5.8 Hz, 8H), 3.35 (t, /= 5.6 Hz, 3H), 3.24 (q, /= 6.0 Hz, 4H), 3.17 (d,
J=49 Hz, 2H), 1.73 (d, J= 6.3 Hz, 1H), 1.62-1.41 (m, 5H), 1.19-0.95 (m, 1H), 0.85-0.79 (m, 11H);
13C NMR (100 MHz, DMSO-ds) 6 172.4, 169.5, 169.3 (3xC=0), 167.8, 70.1 (3xCH>), 69.9 (3xCH>),
69.6, 69.4, 69.3 (4xCH>), 68.9 (3xCH>), 68.8, 66.3, 58.9, 56.5, 49.8, 40.4, 38.7, 38.0,37.9, 37.9, 36.1,
243, 24.1, 22.8, 21.2, 14.4, 11.1; HRMS (ESI) calcd for C3sH73N¢O16" [M+H]" 869.50776, found
869.50618.

I-(5AEEA)-DL-EG (58): 58 was synthesized following the same procedure as for peptide 35 with the
substitution of six Fmoc-amino acids of 35 (Fmoc-D-Phe-OH, Fmoc-L-Ile-OH, Fmoc-L-Lys (Boc)-OH,
Fmoc-D-Val-OH, Fmoc-L-Ile-OH, and Fmoc-D-Ala-OH) for five Fmoc-AEEA-OH. The synthesis was
initiated from Fmoc-D-Leu-EG-2-chlorotrityl resin S17 (loading rate: 0.625 mmol/g, 0.020 mmol, 32.0
mg). The crude peptide obtained after Et,O precipitation was purified by reversed phase HPLC with
COSMOSIL 5C1g-MS-II 20 mm I.D. x 250 mm, which was eluted by mobile phase MeCN:H,O (=
37:63) containing 0.05 % TFA with flow rate at 10 ml/min, to afford peptide 58 (14.6 mg, 72.0 % in
13 steps) as a colorless amorphous solid: [a]p*? +7.85 (¢ 0.95, DMSO); 'H NMR (400 MHz, DMSO-
ds) 6 8.43 (s, 1H), 8.07 (s, 2H), 7.89 (d, J= 8.2 Hz, 1H), 7.62 (d, J = 3.2 Hz, 4H), 4.88 (br, 1H), 4.34
(t, J=8.9 Hz, 1H), 4.01 (t, J = 4.3 Hz, 2H), 3.89 (s, 2H), 3.83 (s, 8H), 3.52 (s, 22H), 3.42-3.35 (m,
12H), 3.24 (q, J= 5.6 Hz, 8H), 3.17 (d, J= 5.5 Hz, 1H), 1.74 (d, J = 6.4 Hz, 1H), 1.62-1.42 (m, 4H),
1.20-0.95 (m, 1H), 0.86-0.80 (m, 12H); '3C NMR (100 MHz, DMSO-ds) & 172.4, 169.5, 169.3
(4xC=0), 167.8, 70.1 (5xCH>), 69.9 (5xCH>), 69.6, 69.4, 69.3 (4xCH>), 68.9 (5xCH>), 68.8, 66.3,
58.9,56.5,49.8,40.4, 38.7,37.9 (2xCH>»), 36.1, 24.3, 24.1, 22.8, 21.2, 14.4, 11.1; HRMS (ESI) calcd
for C44H3aN7O19" [M+H]" 1014.58165, found 1014.57988.

I-(6AEEA)-DL-EG (59): 59 was synthesized following the same procedure as for peptide 35 with the
substitution of six Fmoc-amino acids of 35 (Fmoc-D-Phe-OH, Fmoc-L-Ile-OH, Fmoc-L-Lys (Boc)-OH,
Fmoc-D-Val-OH, Fmoc-L-Ile-OH, and Fmoc-D-Ala-OH) for six Fmoc-AEEA-OH. The synthesis was
initiated from Fmoc-D-Leu-EG-2-chlorotrityl resin S17 (loading rate: 0.625 mmol/g, 0.015 mmol, 20.0
mg). The crude peptide obtained after Et,O precipitation was purified by reversed phase HPLC with
COSMOSIL 5C5-MS-II 20 mm I.D. x 250 mm, which was eluted by mobile phase MeCN:H,0 (=
37:63) containing 0.05 % TFA with flow rate at 10 ml/min, to afford peptide 59 (13.0 mg, 74.8 % in
15 steps) as a colorless amorphous solid: [a]p?® +7.15 (¢ 0.74, DMSO); 'H NMR (400 MHz, DMSO-
de) 6 8.43 (t,J=4.8 Hz, 1H), 8.06 (s, 2H), 7.89 (d, J=7.8 Hz, 1H), 7.62 (d, J= 4.6 Hz, 5H), 4.79 (br,
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1H), 4.34 (t, J= 8.9 Hz, 1H), 4.02 (t,J= 5.0 Hz, 2H), 3.89 (s, 2H), 3.83 (s, 10H), 3.52 (s, 26H), 3.43-
3.35 (m, 16H), 3.24 (q, J= 5.6 Hz, 8H), 3.18-3.15 (m, 1H), 1.73 (s, 1H), 1.62-1.42 (m, 4H), 1.20-0.95
(m, 1H), 0.86-0.80 (m, 12H); *C NMR (100 MHz, DMSO-ds) 8 172.4, 169.5, 169.3 (5xC=0), 167.8,
70.1 (6xCHy), 69.9 (6xCH>), 69.6, 69.4, 69.3 (5xCH>), 68.9 (6xCH>), 68.8, 66.3, 58.9, 56.5, 49.8,
40.4, 38.7, 38.0, 37.9 (2xCH»), 36.1, 24.3, 24.1, 22.8, 21.2, 14.4, 11.1; HRMS (ESI) calcd for
CsoHosNgO2" [M+H]" 1159.65554, found 1159.65426.

I-(7TAEEA)-DL-EG (60): 60 was synthesized following the same procedure as for peptide 35 with the
substitution of six Fmoc-amino acids of 35 (Fmoc-D-Phe-OH, Fmoc-L-Ile-OH, Fmoc-L-Lys (Boc)-OH,
Fmoc-D-Val-OH, Fmoc-L-Ile-OH, and Fmoc-D-Ala-OH) for seven Fmoc-AEEA-OH. The synthesis
was initiated from Fmoc-D-Leu-EG-2-chlorotrityl resin S17 (loading rate: 0.625 mmol/g, 0.025 mmol,
40.0 mg). The crude peptide obtained after Et;O precipitation was purified by reversed phase HPLC
with COSMOSIL 5C;s-MS-II 20 mm [.D. x 250 mm, which was eluted by mobile phase MeCN:H,O
(= 37:63) containing 0.05 % TFA with flow rate at 10 ml/min, to afford peptide 60 (27.1mg, 83.1 %
in 17 steps) as a colorless amorphous solid: [a]p?® +6.65 (¢ 0.97, DMSO); 'H NMR (400 MHz, DMSO-
de) 8 8.43 (t, J=5.0 Hz, 1H), 8.07 (s, 2H), 7.89 (d, J= 8.2 Hz, 1H), 7.66-7.61 (m, 6H), 4.38-4.32 (m,
1H), 4.02 (td, J=5.0, 1.4 Hz, 2H), 3.89 (s, 2H), 3.83 (s, 12H), 3.52 (s, 30H), 3.43-3.35 (m, 18H), 3.24
(9, J=5.9 Hz, 10H), 3.17 (d, J= 5.5 Hz, 1H), 1.74 (t, /= 3.2 Hz, 1H), 1.63-1.42 (m, 4H), 1.19-0.95
(m, 1H), 0.86-0.80 (m, 12H); '*C NMR (100 MHz, DMSO-ds) & 172.4, 169.5, 169.3 (6xC=0), 167.8,
70.2 (7xCHb»), 69.9 (7xCHb>), 69.6, 69.4, 69.3 (6xCH>), 68.9 (7xCH>»), 66.3, 58.9, 56.5, 49.8, 43.7,
40.4, 38.7, 38.0 (3xCH»), 36.1, 24.3, 24.1, 22.8, 22.2, 21.2, 14.4, 11.1; HRMS (ESI) calcd for
CssH10sNoO2sNa™ [M+Na]*,1326.71138 found 1326.70924.

seco-surugamide B (DL8G)-EG (61)

61 was synthesized following the same procedure as for peptide 35 with the substitution of Fmoc-D-
Leu-OH for Fmoc-Gly-OH. The synthesis was initiated from Fmoc-Gly-EG-2-chlorotrityl resin S30
(loading rate: 0.678 mmol/g, 0.025 mmol, 36.9 mg). The crude peptide obtained after Et,O
precipitation was purified by reversed phase HPLC with COSMOSIL 5C;3-MS-11 20 mm 1.D. x 250
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mm, which was eluted by mobile phase MeCN:H>O (= 37:63) containing 0.05 % TFA with flow rate
at 10 ml/min, to afford peptide 61 (19.1 mg, 84.5 % in 15 steps) as a colorless amorphous solid: [a]p??
-0.98 (¢ 0.78, DMSO); 'H NMR (400 MHz, DMSO-ds) 8 8.62 (d, J=7.8 Hz, 1H), 8.41 (d, J=8.7 Hz,
1H), 8.36 (t,J=5.7 Hz, 1H), 8.15 (d, J = 8.2 Hz, 1H), 8.08 (d, /= 8.2 Hz, 4H), 7.94 (d, /= 7.8 Hz,
1H), 7.76 (s, 2H), 7.24-7.10 (m, 5SH), 4.69-4.62 (m, 1H), 4.58-4.52 (m, 1H), 4.44 (t, J=7.5 Hz, 1H),
4.27-4.17 (m, 2H), 4.03 (q, J = 4.7 Hz, 3H), 3.92-3.77 (m, 2H), 3.68 (t, /= 5.3 Hz, 1H), 3.55 (t, J =
5.0 Hz, 2H), 3.08 (d, /= 11.0 Hz, 1H), 2.73-2.66 (m, 3H), 2.46 (s, 3H), 1.89 (td, J=13.3, 6.4 Hz, 1H),
1.76-1.70 (m, 2H), 1.56-1.32 (m, SH), 1.21 (q, /= 7.6 Hz, 1H), 1.15 (d, /= 6.9 Hz, 3H), 1.08-0.99 (m,
1H), 0.87-0.74 (m, 19H), 0.62 (t, J = 7.3 Hz, 3H), 0.42 (d, J = 6.9 Hz, 3H); '*C NMR (100 MHz,
DMSO-ds) 6 171.9, 171.8, 171.5, 171.1, 170.9, 170.8, 169.7, 167.3, 138.0, 129.1 (2xCH), 128.0
(2xCH), 126.2, 66.3, 58.9, 57.7, 57.4, 56.2, 54.1, 51.9, 47.9, 40.8, 40.4, 38.7, 37.5, 37.3, 36.1, 35.9,
31.5,30.7,26.6,24.1,24.0,23.9,22.0,19.7,19.2, 18.0, 15.2, 14.8, 14.5, 11.1, 11.0, 11.0; HRMS (ESI)
calcd for C4sH7sN9O1o" [M+H]"904.58662, found 904.58499.

seco-surugamide B (DL8X)-EG (62-77)
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62-77 were synthesized following the same procedure as for peptide 35 with the substitution of Fmoc-
D-Leu-OH at the position 1 for sixteen Fmoc-D-amino acid-OH (i.e. Fmoc-D-Ala-OH, Fmoc-D-Val-
OH, Fmoc-D-allolle-OH, Fmoc-D-Phe-OH, Fmoc-D-Trp(Boc)-OH, Fmoc-D-Met-OH, Fmoc-D-
His(Trt)-OH, Fmoc-D-Arg(Pbf)-OH, Fmoc-D-Lys(Boc)-OH, Fmoc-D-Ser(tBu)-OH, Fmoc-D-
Thr(tBu)-OH, Fmoc-D-Tyr(tBu)-OH, Fmoc-D-Asp(tBu)-OH, Fmoc-D-Glu(tBu)-OH, Fmoc-D-
Asn(Trt)-OH, Fmoc-D-GIn(Trt)-OH). 62-77 obtained after Et,O precipitation were used for enzyme
assay without further purification. The structures of 62-77 were verified by LC-MS/MS analysis (pp.
262-276, Figure S56-S83). Variants with C-terminal D-Cys and D-Pro were not amenable for my

parallel synthesis.
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seco-deoxypentaminomycin C-EG (80)
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The synthesis of 80 was initiated with Fmoc-D-Phe-EG-2-chlorotrityl resin S31 (loading rate: 0.500
mmol/g, 0.010 mmol, 20.0 mg) in Libra tube, which was subjected to 4 cycles [Fmoc-L-Arg(Pbf)-OH,
Fmoc-L-Trp(Boc)-OH, Fmoc-D-Val-OH, Boc-L-Leu-OH] of SPPS protocol described above to afford
the resin-bound pentapeptide. To the peptide was added TFA/DODT/phenol/TIP =92.5:2.5:2.5:2.5 (2.0
mL), being shaken for 30 min, and then the reaction mixture was filtered. This procedure was repeated
twice. The filtrate was diluted with Et,O (12 mL) and was chilled (—80 °C), then centrifuged with
3,500 x g for 10 min at 4 °C to afford crude peptide 80. The crude peptide was purified by reversed
phase HPLC with COSMOSIL 5C3-MS-II 20 mm [.D. x 250 mm, which was eluted by mobile phase
MeCN:H;0 (= 32.5:67.5) containing 0.05 % TFA with flow rate at 10 ml/min, to afford peptide 80
(5.9 mg, 77% for 9 steps) as a colorless amorphous solid: [a]p?? -4.68 (¢ 0.80, DMSO); 'H NMR (500
MHz, DMSO-ds) 6 10.74 (s, 1H), 8.54 (d, /= 8.7 Hz, 1H), 8.46 (d, /= 8.2 Hz, 1H), 8.26 (d, /= 8.3
Hz, 1H), 8.09 (d, /= 8.0 Hz, 1H), 8.05 (s, 3H), 7.72 (t, J=5.2 Hz, 1H), 7.62 (d, J="7.9 Hz, 1H), 7.26-
7.14 (m, 7H), 7.07 (d, J = 13.3 Hz, 2H), 7.01-6.98 (m, 1H), 6.91 (t, J = 7.4 Hz, 1H), 4.84 (br, 1H),
4.64-4.59 (m, 1H), 4.51 (td, J= 8.8, 5.0 Hz, 1H), 4.31-4.24 (m, 2H), 4.06-4.01 (m, 2H), 3.85 (s, 1H),
3.52 (s, 2H), 3.13-3.06 (m, 2H), 2.96 (q, J = 6.3 Hz, 2H), 2.88-2.78 (m, 2H), 1.65-1.53 (m, 2H), 1.47
(t,J=6.8 Hz, 3H), 1.38-1.31 (m, 1H), 1.28-1.17 (m, 2H), 0.83 (t, /J=5.7 Hz, 6H), 0.46 (d, /= 6.7 Hz,
3H), 0.36 (d, J= 6.6 Hz, 3H); *C NMR (125 MHz, DMSO-ds) 6 171.6, 171.3 (2xC=0), 170.1, 169.3,
156.9, 137.1, 136.2, 129.2 (2xCH), 128.2 (2xCH), 127.1, 126.6, 124.1, 120.8, 118.6, 118.0, 111.2,
109.8, 66.5, 58.8, 57.3, 53.5, 53.1, 52.0, 50.8, 40.6, 40.4, 36.8, 30.9, 29.3, 28.2, 24.8, 23.7, 22.7,21.7,
19.0, 17.2; HRMS (ESI) calcd for C39HssNoO7" [M+H]+ 764.44537, found 764.44353.
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seco-desprenylagaramide C-EG (81)

81
The synthesis of 81 was initiated with Fmoc-Gly-EG-2-chlorotrityl resin S30 (loading rate: 0.678
mmol/g, 0.025 mmol, 36.9 mg) in Libra tube, which was subjected to 8 cycles [Fmoc-L-Leu-OH,
Fmoc-L-Tyr(tBu)-OH, Fmoc-L-Ala-OH, Fmoc-L-GIn(Trt)-OH, Fmoc-L-Pro-OH, Fmoc-L-Leu-OH,
Fmoc-L-Pro-OH, Boc-L-Ile-OH] of SPPS protocol described above to afford the resin-bound
nonapeptide. To the peptide was added TFA/H>O/TIP =95:2.5:2.5 (1.0 mL), being shaken for 30 min,
and then the reaction mixture was filtered. This procedure was repeated twice. The filtrate was diluted
with Et,0 (12 mL) and was chilled (=80 °C), then centrifuged with 3,500 % g for 10 min at 4 °C to
afford crude peptide. The crude peptide was purified by reversed phase HPLC with COSMOSIL 5C;s-
MS-II 20 mm [.D. x 250 mm, which was eluted by mobile phase MeCN:H,O (= 35:65) containing
0.05 % TFA with flow rate at 10 ml/min, to afford peptide 81 (20.4 mg, 80.3 % for 17 steps) as a
colorless amorphous solid; [a]p?? -27.33 (¢ 0.76, DMSO), '"H NMR (400 MHz, DMSO-ds) 6 9.13 (br,
1H), 8.12 (t, J= 8.7 Hz, 2H), 8.03 (t, /= 5.9 Hz, 3H), 7.90-7.77 (m, 3H), 7.22 (s, 1H), 6.97 (d, J=8.2
Hz, 2H), 6.77 (s, 1H), 6.58 (d, J = 8.2 Hz, 2H), 4.50 (d, J = 10.1 Hz, 1H), 4.43-4.32 (m, 2H), 4.29-
4.25 (m, 2H), 4.14 (t, J= 7.1 Hz, 1H), 4.07 (dd, J=13.7, 7.8 Hz, 1H), 4.01 (t, /= 4.8 Hz, 2H), 3.96
(s, 1H), 3.84 (d, J = 5.9 Hz, 1H), 3.78 (q, /= 5.9 Hz, 3H), 3.72 (d, /= 5.9 Hz, 1H), 3.68 (d, J= 5.5
Hz, 2H), 3.53 (t, /= 5.0 Hz, 4H), 3.42 (t, /= 6.2 Hz, 1H), 2.87 (dd, /= 13.3, 4.6 Hz, 1H), 2.66 (dd, J
=14.0, 8.9 Hz, 1H), 2.10-2.00 (m, 3H), 1.92-1.68 (m, 9H), 1.60-1.52 (m, 1H), 1.48-1.41 (m, 4H), 1.12
(d, J=6.9 Hz, 3H), 0.93 (d, /= 6.9 Hz, 3H), 0.88-0.78 (m, 15H); '3C NMR (100 MHz, DMSO-ds) &
174.1,172.3,172.0,171.8,171.0,170.9, 170.7, 170.7, 169.7, 166.6, 155.7, 130.1 (2xCH), 127.6, 114.9
(2xCH), 66.2, 59.7, 59.3, 58.9 (2xCH), 54.9, 54.2, 52.6, 50.8, 48.7, 48.4, 47.5, 46.7, 40.9, 40.5, 40.4,
36.4,36.0,31.5,29.1,28.9,27.4,24.7,24.6,23.9,23.9,23.4,23.0,21.6,21.4, 18.0, 14.3, 11.2; HRMS
(ESI) caled for C49H79N 100137 [M+H]" 1015.58226, found 1015.58350.
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seco-desotamide B-EG (84)

6 o ©

The synthesis of 84 was initiated with Fmoc-Gly-EG-2-chlorotrityl resin S30 (loading rate: 0.57
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mmol/g, 0.025 mmol, 43.9 mg) in Libra tube, which was subjected to 5 cycles [Fmoc-L-Asn(Trt)-OH,
Fmoc-L-Val-OH, Fmoc-D-Leu-OH, Fmoc-L-Leu-OH, Boc-L-Trp(Boc)-OH] of SPPS protocol
described above to afford the resin-bound hexapeptide. To the peptide was added TFA/H>O/phenol/TIP
=92.5:2.5:2.5:2.5 (2.0 mL), being shaken for 30 min, and then the reaction mixture was filtered. This
procedure was repeated twice. The filtrate was diluted with Et,O (12 mL) and was chilled (-80 °C),
then centrifuged with 3,500 x g for 10 min at 4 °C to afford crude peptide 84. The structure of 84 was
verified by LC-MS/MS analysis (p. 279, Figure S87). The sample was subjected to cyclization assay

without further purification.

seco-wollamide B1-EG (85)

85

The synthesis of 85 was initiated with Fmoc-D-Arg(Pbf)-EG-2-chlorotrityl resin S32 (loading rate:
0.510 mmol/g, 0.01 mmol, 19.6 mg) in Libra tube, which was subjected to 5 cycles [Fmoc-L-Asn(Trt)-
OH, Fmoc-L-Val-OH, Fmoc-D-Leu-OH, Fmoc-L-Leu-OH, Boc-L-Trp(Boc)-OH] of SPPS protocol
described above to afford the resin-bound hexapeptide. To the peptide was added TFA/H>O/phenol/TIP
=92.5:2.5:2.5:2.5 (2.0 mL), being shaken for 30 min, and then the reaction mixture was filtered. This
procedure was repeated twice. The filtrate was diluted with Et;O (12 mL) and was chilled (-80 °C),
then centrifuged with 3,500 x g for 10 min at 4 °C to afford crude peptide. The crude peptide was
purified by reversed phase HPLC with COSMOSIL 5Cg-MS-I1 20 mm I.D. x 250 mm, which was
eluted by mobile phase MeCN:H,0 (= 32.5:67.5) containing 0.05 % TFA with flow rate at 10 ml/min,
to afford peptide 85 (5.9 mg, 70 % for 11 steps) as a colorless amorphous solid; [a]p?? -2.80 (c 0.75,
DMSO); 'H NMR (500 MHz, DMSO-de) & 10.92 (s, 1H), 8.81 (s, 1H), 8.33-8.28 (m, 1H), 8.09 (d, J
=17.4 Hz, 1H), 8.02 (s, 1H), 7.95-7.88 (m, 1H), 7.88-7.82 (m, 1H), 7.71 (d, J= 7.9 Hz, 1H), 7.61-7.58
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(m, 1H), 7.37-7.31 (m, 2H), 7.27-7.22 (m, 2H), 7.17 (d, J = 2.1 Hz, 1H), 7.12 (s, 1H), 7.06 (t, J= 7.2
Hz, 1H), 6.99-6.96 (m, 1H), 6.85 (s, 1H), 4.78 (br, 1H), 4.56 (q, J = 7.0 Hz, 1H), 4.44-4.40 (m, 1H),
4.20-4.18 (m, 2H), 4.03-3.95 (m, 2H), 3.51 (s, 2H), 3.23 (s, 1H), 3.02 (d, J = 5.9 Hz, 2H), 2.47-2.45
(m, 4H), 2.43-2.40 (m, 2H), 1.98-1.94 (m, 1H), 1.71-1.68 (m, 1H), 1.59-1.51 (m, 3H), 1.48-1.39 (m,
5H), 1.19 (s, 1H), 0.88-0.70 (m, 18H); *C NMR (125 MHz, DMSO-de) & 172.1, 171.6, 171.4, 171.3,
171.0, 170.9, 168.5, 156.8, 136.4, 127.0, 125.1, 118.4, 116.6, 116.1, 111.5, 106.9, 66.3, 58.8, 53.7,
52.6,51.7,51.2,50.2, 49.8, 40.3, 40.1, 37.2, 30.8, 28.2, 27.5, 24.7, 24.3, 24.2, 23.1, 23.0, 21.7, 21.3,
19.2, 19.1, 17.8; HRMS (ESI) caled for CagHeeN 106" [M+H]* 844.50395, found 844.50251.

seco-tyrocidine A-EG (87)
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The synthesis of 87 was initiated with Fmoc-L-Leu-EG-2-chlorotrityl resin S33 (loading rate: 0.589
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mmol/g, 0.02 mmol, 34.0 mg) in Libra tube, which was subjected to 9 cycles [Fmoc-L-Orn(Boc)-OH,
Fmoc-L-Val-OH, Fmoc-L-Tyr(tBu)-OH, Fmoc-L-GIn(Trt)-OH, Fmoc-L-Asn(Trt)-OH, Fmoc-D-Phe-
OH, Fmoc-L-Phe-OH, Fmoc-L-Pro-OH, Fmoc-D-Phe-OH] of SPPS protocol described above (Step1-
4) to afford the resin-bound nonapeptide. To the peptide was added TFA/H,O/TIP =95:2.5:2.5 (1.0
mL), being shaken for 30 min, and then the reaction mixture was filtered. This procedure was repeated
twice. The filtrate was diluted with Et,O (12 mL) and was chilled (—80 °C), then centrifuged with
3,500 x g for 10 min at 4 °C to afford crude peptide. The crude peptide was purified by reversed phase
HPLC with COSMOSIL 5C3-MS-II 20 mm L[.D. x 250 mm, which was eluted by mobile phase
MeCN:H;0 (= 35:65) containing 0.05 % TFA with flow rate at 10 ml/min, to afford peptide 87 (18.8
mg, 70.5 % for 19 steps) as a colorless amorphous solid; [a]p?* -27.80 (¢ 1.39, DMSO); 'H NMR (400
MHz, DMSO-ds) 6 8.55 (d,J= 7.8 Hz, 1H), 8.28 (s, 2H), 8.18 (d, /= 7.8 Hz, 1H), 8.15 (d, J= 6.9
Hz, 1H), 8.07 (d, /= 7.8 Hz, 2H), 7.90 (d, /= 8.2 Hz, 1H), 7.85 (d, /= 8.7 Hz, 1H), 7.75 (s, 2H), 7.62
(d, J=8.2 Hz, 1H), 7.43 (s, 1H), 7.32-7.08 (m, 13H), 7.00 (t, J= 7.5 Hz, 4H), 6.76 (s, 1H), 6.60 (d, J
=8.2Hz, 2H), 4.57-1.51 (m, 2H), 4.39-4.23 (m, 4H), 4.17-3.95 (m, 4H), 3.52 (t, J=4.8 Hz, 2H), 3.47-
3.44 (m, 1H), 3.07-2.87 (m, 4H), 2.81-2.65 (m, 4H), 2.45-2.47 (m, 6H), 2.41 (s, 2H), 2.01-1.90 (m,
3H), 1.83-1.80 (m, 1H), 1.65-1.19 (m, 11H), 0.84-0.76 (m, 12H); '*C NMR (100 MHz, DMSO-d) &
174.1,172.4,171.8,171.3,171.2,171.1,171.1, 170.9, 170.7, 170.6, 170.5, 167.5, 155.8, 137.9, 137.6,
134.6,130.1 (2xCH), 129.6, 129.5, 129.4 (2xCH), 129.0 (2xCH), 128.6 (2xCH), 128.0 (5xCH), 127.5,
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126.3, 126.1, 114.9 (2xCH), 66.3, 60.2, 58.9, 57.6, 54.6, 54.1, 53.4, 52.7, 52.6, 51.6, 50.2, 49.7, 48.6,
46.8, 404, 38.6,38.2,37.2,36.9, 36.6, 36.2, 31.3, 30.7, 29.0, 27.5, 24.1, 23.6, 23.5, 22.8, 21.2, 19.0,
18.2; HRMS (ES]I) calcd for CesHosN 30 15sNa* [M+Na]" 1354.68063, found 1354.67799.

Synthesis of EG-activated branched peptides
seco-surugamide B (I11DV, 13K(I-NH»))-EG (90)

O = 2-chlorotrityl resin

PR
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S2 s21 ° $17

Fmoc-p-Leu-EG-2-chlorotrityl resin (S17): 2-chlorotrityl chloride resin S2 (159 mg, 0.200 mmol)
in Libra tube was swelled with CH>Cl, for 10 min, and then excess solvent was removed by filtration.
To the resin was added a solution of ethylene glycol (EG) (24.8 mg, 0.400 mmol), and DIPEA (51.7
mg, 0.400 mmol) in CH,Cl, (2.0 mL) and shaken for 2 h at 40 °C to give EG-2-chlorotrityl resin S21.
To the resin was added a solution of Fmoc-D-Leu-OH (141 mg, 0.400 mmol), DIC (101 mg, 0.800
mmol) and DMAP (4.89 mg, 0.04 mmol) in CH>Cl, (2.0 mL) and stirred for 3 h at 40 °C to give Fmoc-
D-Leu-EG-2-chlorotrityl resin S17. Dried S17 was added with 20% piperidine in DMF and stirred for
1 h. The supernatant was diluted with DMF and was subjected to UV measurement. Loading rate for

S17 was calculated to be 0.470 mmol/g from observed UV absorbance at 301 nm.

[ S$34: Ry =resin, Ry, = R3 = Boc, R4 = Dde

)\ 8§35: Ry =resin, R, =R3; =Boc, R; =H
~~ o W o -

§36: Ry = resin, R, = R3 = Rs = Boc
“« NHR [
° 90: Ry =R, =R3=Rs=H

seco-surugamide B (I1pV, I3K(I-NH))-EG (90): The resin S17 (loading rate: 0.470 mmol/g, 0.0300

mmol, 63.8 mg) in Libra tube was swelled in CH>Cl, for 10 min, which was subjected to 7 cycles
[Fmoc-D-Phe-OH, Fmoc-L-Ile-OH, Fmoc-L-Lys(Boc)-OH, Fmoc-D-Val-OH, Fmoc-L-Lys(Dde)-OH,
Fmoc-D-Ala-OH, Boc-D-Val-OH] of SPPS protocol described above to afford resin-bound peptide S34.
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Then, to the resin was added a solution of 2% hydrazine in DMF (500 puL) and shaken for 5 min at
40 °C to remove the Dde protecting group of the side chain of L-Lys at the position 3, to give the resin-
bound linear peptide S35. This procedure was repeated 3 times in total. To the resin was added a
solution of Boc-L-Ile-OH (27.8 mg, 0.120 mmol), DIC (15.1 mg, 0.120 mmol) and Oxyma (17.1 mg,
0.120 mmol) in DMF (1.0 mL) and stirred for 30 min at 40 °C to give the resin-bound branched peptide
S36. To the peptide S36 was added TFA/H,O/TIP = 95:2.5:2.5 (1.0 mL), being shaken for 30 min, and
then the reaction mixture was filtered. The filtrate was diluted with Et,O (25 mL) and was chilled (—
80°C), then centrifuged with 3,500 x g for 10 min at 4 °C to afford crude peptide. The crude peptide
was purified by reversed phase HPLC with COSMOSIL 5C;3-MS-II 20 mm I.D x 250 mm, which
was eluted by mobile phase MeCN:H,O (= 30:70) containing 0.05% TFA with flow rate at 10 ml/min
to afford the branched EG-substrate, seco-surugamide B (I11DV, I3K(I-NH>))-EG (90) (26.6 mg, 82.6%
for 17 steps) as a white amorphous solid; [a]p'®-11.06 (¢ 0.875, DMSO); '"H NMR (500 MHz, DMSO-
ds) 6 8.61-8.55 (m, 1H), 8.44-8.36 (m, 1H), 8.31-8.24 (m, 1H), 8.16-8.04 (m, 7H), 7.95-7.71 (m, 4H),
7.24-7.12 (m, 5H), 4.56-4.21 (m, 6H), 4.07-3.98 (m, 3H), 3.60 (s, 1H), 3.53-3.51 (m, 3H), 3.33 (s, 4H),
3.16-3.10 (m, 1H), 3.05-3.03 (m, 1H), 2.96-2.91 (m, 1H), 2.75-2.61 (m, 3H), 2.04-1.98 (m, 1H), 1.89
(td, J=13.2, 6.6 Hz, 1H), 1.79-1.72 (m, 1H), 1.66-1.51 (m, 4H), 1.50-1.45 (m, 6H), 1.37 (t,J=7.2
Hz, 2H), 1.21 (d, J = 6.9 Hz, 6H), 1.10-1.02 (m, 1H), 0.89-0.74 (m, 24H), 0.58 (t, /= 7.2 Hz, 3H),
0.42 (d, J= 6.6 Hz, 3H); '3*C NMR (126 MHz, DMSO-d¢) 6 172.2, 171.4,171.3, 171.2, 171.1, 170.7,
170.6, 167.3, 167.2, 137.8, 129.0 (2xCH>), 127.8 (2xCH>), 126.0, 66.0, 58.7, 57.1, 56.9, 56.4, 56.4,
53.7,52.2,51.8,50.3,48.2, 38.5, 38.5, 37.1, 36.3, 35.9, 32.2, 30.9, 30.5, 29.6, 28.2, 26.4, 24.0, 23.7,
22.7,22.5,22.0,21.2,19.1, 18.5, 18.2, 17.7, 17.5, 14.7, 14.7, 14.4, 14.3, 10.9, 10.9; HRMS (ESI)
calcd for CssHgsN1101:Na* [M+Na]* 1096.71047, found 1096.70882.

seco-surugamide B (I3K(I-NH,)-EG (95)

HN._O
IIJINHz 95

The branched EG-substrate 95 was synthesized following the same procedure as for 90 with the
substitution of Boc-D-Val-OH at the position 1 for Boc-L-Ile-OH. The synthesis was initiated from
Fmoc-D-Leu-EG-2-chlorotrityl resin S17 (loading rate: 0.47 mmol/g, 0.0300 mmol, 63.8 mg). The
obtained crude peptide was purified by reversed phase HPLC with COSMOSIL 5C;3-MS-1I 20 mm
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I.D x 250 mm, which was eluted by mobile phase MeCN:H,O (= 30:70) containing 0.05% TFA with
flow rate at 10 ml/min to afford the branched EG-substrate 95 as a white amorphous solid. The
structure of 95 was verified by LC-MS/MS analysis (p. 282, Figure S92). The sample was subjected

to cyclization assay without further purification.

N-acetyl seco-surugamide B (I1K(I-NH»))-EG (98)

98
" NH,

The branched EG-substrate 98 was synthesized following the same procedure as for 90 with the
addition of acetic acid at its N-terminus, and the substitution of Boc-D-Val-OH at the position 1 and
Fmoc-L-Lys(Dde)-OH at the position 3 for Fmoc-L-Lys(Dde)-OH and Fmoc-L-Ile-OH, respectively.
The synthesis was initiated from Fmoc-D-Leu-EG-2-chlorotrityl resin S17 (loading rate: 0.47 mmol/g,
0.0300 mmol, 63.8 mg). The obtained crude peptide was purified by reversed phase HPLC with
COSMOSIL 5Cg-MS-II 20 mm I.D x 250 mm, which was eluted by mobile phase MeCN:H>O (=
30:70) containing 0.05% TFA with flow rate at 10 ml/min to afford the branched EG-substrate 98 (27.0
mg, 79.6% for 19 steps) as a white amorphous solid. The structure of 98 was verified by LC-MS/MS
analysis (p. 283, Figure S93).

seco-surugamide B (I1DV, DA2K(I-NH,))-EG (99)
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The branched EG-substrate 99 was synthesized following the same procedure as for 90 with the
substitution of Fmoc-D-Ala-OH at the position 2 and Fmoc-L-Lys(Dde)-OH at the position 3 for Fmoc-
L-Lys(Dde)-OH and Fmoc-L-Ile-OH, respectively. The synthesis was initiated from Fmoc-D-Leu-EG-
2-chlorotrityl resin S17 (loading rate: 0.47 mmol/g, 0.0300 mmol, 63.8 mg). The obtained crude
peptide was purified by reversed phase HPLC with COSMOSIL 5C;3-MS-II 20 mm I.D x 250 mm,
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which was eluted by mobile phase MeCN:H>O (= 30:70) containing 0.05% TFA with flow rate at 10
ml/min to afford the branched EG-substrate 99 (30.1 mg, 89.8% for 17 steps) as a white amorphous
solid. The structure of 99 was verified by LC-MS/MS analysis (p. 285, Figure S95).

seco-surugamide B (I1DV, DV4K(I-NH>))-EG (100)

The branched EG-substrate 100 was synthesized following the same procedure as for 90 with the
substitution of Fmoc-L-Lys(Dde)-OH at the position 3 and Fmoc-D-Val-OH at the position 4 for Fmoc-
L-Ile-OH and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-D-Leu-EG-
2-chlorotrityl resin S17 (loading rate: 0.47 mmol/g, 0.0300 mmol, 63.8 mg). The obtained crude
peptide was purified by reversed phase HPLC with COSMOSIL 5C;3-MS-II 20 mm I.D x 250 mm,
which was eluted by mobile phase MeCN:H>O (= 30:70) containing 0.05% TFA with flow rate at 10
ml/min to afford the branched EG-substrate 100 (28.9 mg, 88.5% for 17 steps) as a white amorphous
solid. The structure of 100 was verified by LC-MS/MS analysis (p. 287, Figure S97).

seco-surugamide B (KSK(I-NH»))-EG (101)
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The branched EG-substrate 101 was synthesized following the same procedure as for 90 with the
substitution of Fmoc-L-Lys(Dde)-OH at the position 3 and Fmoc-L-Lys(Boc)-OH at the position 5 for
Fmoc-L-Ile-OH and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-D-
Leu-EG-2-chlorotrityl resin S17 (loading rate: 0.47 mmol/g, 0.0300 mmol, 63.8 mg). The obtained
crude peptide was purified by reversed phase HPLC with COSMOSIL 5C;s-MS-II1 20 mm I.D x 250
mm, which was eluted by mobile phase MeCN:H>O (= 40:60) containing 0.05% TFA with flow rate
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at 10 ml/min to afford the branched EG-substrate 101 (23.3 mg, 72.3% for 17 steps) as a white
amorphous solid. The structure of 101 was verified by LC-MS/MS analysis (p. 290, Figure S100).

. ot
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seco-surugamide B (I1pV, I6K(I-NH>))-EG (102)

The branched EG-substrate 102 was synthesized following the same procedure as for 90 with the
substitution of Fmoc-L-Lys(Dde)-OH at the position 3 and Fmoc-L-Ile-OH at the position 6 for Fmoc-
L-Ile-OH and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-D-Leu-EG-
2-chlorotrityl resin S17 (loading rate: 0.47 mmol/g, 0.0300 mmol, 63.8 mg). The obtained crude
peptide was purified by reversed phase HPLC with COSMOSIL 5C;3-MS-II 20 mm [.D x 250 mm,
which was eluted by mobile phase MeCN:H>O (= 30:70) containing 0.05% TFA with flow rate at 10
ml/min to afford the branched EG-substrate 102 (27.6 mg, 85.6% for 17 steps) as a white amorphous
solid. The structure of 102 was verified by LC-MS/MS analysis (p. 293, Figure S103).

seco-surugamide B (I1pV, DF7K(I-NH»))-EG (103)
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The branched EG-substrate 103 was synthesized following the same procedure as for 90 with the
substitution of Fmoc-L-Lys(Dde)-OH at the position 3 and Fmoc-D-Phe-OH at the position 7 for Fmoc-
L-Ile-OH and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-D-Leu-EG-
2-chlorotrityl resin S17 (loading rate: 0.47 mmol/g, 0.0300 mmol, 63.8 mg). The obtained crude
peptide was purified by reversed phase HPLC with COSMOSIL 5C;s-MS-II 20 mm I.D x 250 mm,
which was eluted by mobile phase MeCN:H>O (= 30:70) containing 0.05% TFA with flow rate at 10
ml/min to afford the branched EG-substrate 103 (24.4 mg, 78.2% for 17 steps) as a white amorphous
solid. The structure of 103 was verified by LC-MS/MS analysis (p. 296, Figure S106).
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N-acetyl seco-wollamide B1 (W1K(W-NH>)-EG (104)

HN_ NHPbf
Y

O = 2-chlorotrityl resin
NH
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S2 S21 §32

Fmoc-p-Arg(Pbf)-EG-2-chlorotrityl resin (S32): 2-chlorotrityl chloride resin S2 (159 mg, 0.200
mmol) in Libra tube was swelled with CH»Cl, for 10 min, and then excess solvent was removed by
filtration. To the resin was added a solution of ethylene glycol (EG) (24.8 mg, 0.400 mmol), and
DIPEA (51.7 mg, 0.400 mmol) in CH>Cl> (2.0 mL) and shaken for 2 h at 40 °C to give EG-2-
chlorotrityl resin S21. To the resin was added a solution of Fmoc-D-Arg(Pbf)-OH (300 mg, 0.400
mmol), DIC (101 mg, 0.800 mmol) and DMAP (4.89 mg, 0.04 mmol) in CH,Cl, (2.0 mL) and stirred
for 3 h at 40 °C to give Fmoc-D-Arg(Pbf)-EG-2-chlorotrityl resin S32. Dried S32 was added with 20%
piperidine in DMF and stirred for 1 h. The supernatant was diluted with DMF and was subjected to
UV measurement. Loading rate for S32 was calculated to be 0.449 mmol/g from observed UV
absorbance at 301 nm.
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[ 839: Ry =resin, R, = Pbf, R3 = Trt, Rs = Rg = Boc
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N-acetyl seco-wollamide B1 (W1K(W-NH3))-EG (104): The synthesis of 104 was initiated with
Fmoc-D-Arg(Pbf)-EG-2-chlorotrityl resin S32 (loading rate: 0.449 mmol/g, 0.01 mmol, 22.3 mg) in
Libra tube, which was subjected to 6 cycles [Fmoc-L-Asn(Trt)-OH, Fmoc-L-Val-OH, Fmoc-D-Leu-
OH, Fmoc-L-Leu-OH, Fmoc-L-Lys(Dde)-OH, acetic acid] of SPPS protocol described above to afford
resin-bound peptide S37. Then, to the resin was added a solution of 2% hydrazine in DMF (500 pL)
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and shaken for 5 min at 40 °C to remove the Dde protecting group of the side chain of L-Lys at the
position 1, to give the resin-bound linear peptide S38. This procedure was repeated 3 times in total.
To the resin was added a solution of Boc-L-Trp(Boc)-OH (21.1 mg, 0.04 mmol), DIC (4.05 mg, 0.04
mmol) and Oxyma (5.68 mg, 0.04 mmol) in DMF (1.0 mL) and stirred for 30 min at 40 °C to give the
resin-bound branched peptide S39. To the peptide S37 was added TFA/H,O/TIP =95:2.5:2.5 (1.0 mL),
being shaken for 30 min, and then the reaction mixture was filtered. The filtrate was diluted with Et;O
(25 mL) and was chilled (-80°C), then centrifuged with 3,500 x g for 10 min at 4 °C to afford the
branched EG-substrate 104. The structure of 104 was verified by LC-MS/MS analysis (p. 299, Figure

S109). The sample was subjected to cyclization assay without further purification.

seco-wollamide B1 (W1DA, L2K(W-NH»))-EG (105)

HN_NHTrt HN_NHR;

NHR,
NH
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)=o
$32

RgHN

NH

[ $40: R, = resin, R, = Pbf, R3 = Trt, R, = Dde, Rs = Boc

S41: Ry =resin, Ry = Pbf, Ry = Trt, R = Boc, Ry = H
NRg
Y
/iNHR7
HN™ ~O
NH
o] o] o] )/
H H H
RsHN N N ~ 0.
s fLN Nj;( \:)LN/}( ~"o-R,
H H S H
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)=o

RyHN

HN<_NHR,

[342: R1 = resin, Ry = Pbf, Ry = Trt, Rs = Rg = R; = Boc
105:R;=R,=R3=Rs=Rg=R;=H

The synthesis of 105 was initiated with Fmoc-D-Arg(Pbf)-EG-2-chlorotrityl resin S32 (loading rate:
0.449 mmol/g, 0.01 mmol, 22.3 mg) in Libra tube, which was subjected to 6 cycles [Fmoc-L-Asn(Trt)-
OH, Fmoc-L-Val-OH, Fmoc-D-Leu-OH, Fmoc-L-Lys(Dde)-OH, Boc-D-Ala-OH] of SPPS protocol
described above to afford the resin-bound peptide S40. Then, to the resin was added a solution of 2%
hydrazine in DMF (500 pL) and shaken for 5 min at 40 °C to remove the Dde protecting group of the
side chain of L-Lys at the position 2, to give the resin-bound linear peptide S41. This procedure was
repeated 3 times in total. To the resin was added a solution of Boc-L-Trp(Boc)-OH (21.1 mg, 0.04
mmol), DIC (4.05 mg, 0.04 mmol) and Oxyma (5.68 mg, 0.04 mmol) in DMF (1.0 mL) and stirred
for 30 min at 40 °C to give the resin-bound branched peptide S42. To the peptide was added
TFA/H,O/TIP = 95:2.5:2.5 (1.0 mL), being shaken for 30 min, and then the reaction mixture was
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filtered. The filtrate was diluted with Et;O (25 mL) and was chilled (-80°C), then centrifuged with
3,500 x g for 10 min at 4 °C to afford the branched EG-substrate 105. The structure of 105 was verified
by LC-MS/MS analysis (p. 302, Figure S112). The sample was subjected to cyclization assay without

further purification.

seco-wollamide B1 (W1DA, DL3K(W-NH»))-EG (106)

The branched EG-substrate

HN NHTrt HN _NH
M A

)/NH NH 105 was synthesized following

{ 7 Hof Hoq j the same procedure as for 105
FmocHN/I(OwOAO . HZN\I)Lm/a(;N\)LNj;(INim/WO(O\/\OH p
o}

with the substitution of Fmoc-

$32 H,N
HN._0 106 L-Lys(Dde)-OH at the position
Ntz 2 and Fmoc-D-Leu-OH at the
position 3 for Fmoc-L-Leu-OH
and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-D-Arg(Pbf)-EG-2-
chlorotrityl resin S32 (loading rate: 0.449 mmol/g, 0.03 mmol, 66.8 mg). The structure of 106 was
verified by LC-MS/MS analysis (p. 305, Figure S115). The sample was subjected to cyclization assay

without further purification.
seco-wollamide B1 (WIDA, V4K(W-NH)»))-EG (107)

" The branched EG-substrate
f » 107 was synthesized following

2

HNNHTHt N the same procedure as for 105

Lo HN__NH,
NH T\I/H . . .
j j with the substitution of Fmoc-
o H o H [0} :
FmocHN O N0~ —— HZN\l)kN N N\:)LN/WO\/\OH L-Lys(Dde)-OH at the position
o] H o oo >: H oo
0}
32 HN 2 and Fmoc-L-Val-OH at the
107 position 4 for Fmoc-L-Leu-OH
and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-D-Arg(Pbf)-EG-2-
chlorotrityl resin S32 (loading rate: 0.449 mmol/g, 0.03 mmol, 66.8 mg). The structure of 107 was
verified by LC-MS/MS analysis (p. 308, Figure S118). The sample was subjected to cyclization assay

without further purification.
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seco-wollamide B1 (W1DA, N5SK(W-NH,))-EG (108)

g N The branched EG-substrate 108

NH

)/ 0 Lo b 0 j .
FmocHN/I(O\/\OQ E——— HZN\l)ku/ag\Né\/ggN%”/\go\/\OH same procedure as for 105 with
32 \

was synthesized following the

the substitution of Fmoc-L-

© Lys(Dde)-OH at the position 2

and Fmoc-L-Asn(Trt)-OH at the

position 5 for Fmoc-L-Leu-OH

and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-D-Arg(Pbf)-EG-2-
chlorotrityl resin S32 (loading rate: 0.449 mmol/g, 0.03 mmol, 66.8 mg). The structure of 108 was
verified by LC-MS/MS analysis (p. 311, Figure S121). The sample was subjected to cyclization assay

without further purification.

seco-tyrocidine A (DF1F, bDF4K(P-DF-NH»))-EG (109)

NHRq
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NHRg [ 8$43: Ry =resin, Ry = R7 = Boc, R3 = tBu, Ry = R = Trt, Rg = Dde
844: R, =resin, R, = R; = Boc, R3 =tBu, R4 = R =Trt, Rg = H
(\N o
NHR4
QL QL QL QL NN
R/HN 0-R; =
R5HN NHRZ
OR3

[545 R4 =resin, R, = R; = Rg = Boc, Ry = tBu, Ry = Rg = Trt
109:R;=R,=R3=R4=Rs=R;=Rg=H

The resin S33 (loading rate: 0.502 mmol/g, 0.01 mmol, 19.9 mg) in Libra tube was swelled in CH>Cl»
for 10 min, which was subjected to 9 cycles [Fmoc-L-Om(Boc)-OH, Fmoc-L-Val-OH, Fmoc-L-
Tyr(tBu)-OH, Fmoc-L-GIn(Trt)-OH, Fmoc-L-Asn(Trt)-OH, Fmoc-L-Lys(Dde)-OH, Fmoc-D-Phe-OH,
Fmoc-L-Pro-OH, Boc-L-Phe-OH] of SPPS protocol described above to afford the resin-bound peptide
S43. Then, to the resin was added a solution of 2% hydrazine in DMF (500 pL) and shaken for 5 min
at 40 “C to remove the Dde protecting group of the side chain of L-Lys at the position 4, to give the

resin-bound linear peptide S44. This procedure was repeated 3 times in total. The resin S44 was
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subjected to 2 cycles [Fmoc-L-Pro-OH, Boc-D-Phe-OH] of SPPS protocol described above to afford
the resin-bound branched peptides S45. To the peptide S45 was added TFA/H,O/TIP =95:2.5:2.5 (1.0
mL), being shaken for 30 min, and then the reaction mixture was filtered. The filtrate was diluted with
Et,0 (25 mL) and was chilled (80 °C), then centrifuged with 3,500 x g for 10 min at 4 °C to afford
the crude peptide. The crude peptide was purified by reversed phase HPLC with COSMOSIL 5Cs-
MS-II 20 mm I.D x 250 mm, which was eluted by mobile phase MeCN:H,O (= 33:67) containing
0.05% TFA with flow rate at 10 ml/min to afford the branched EG-substrate, seco-tyrocidine A (DF1F,
DF4K(P-DF-NH,))-EG (109) (13.7 mg, 88.0% for 23 steps) as a white amorphous solid; [a]p?°-50.26
(c 0.717, MeOH); '"H NMR (500 MHz, DMSO-d) & 8.40-7.73 (m, 16H), 7.46 (d, J = 16.8 Hz, 1H),
7.28-7.08 (m, 15H), 6.99 (d, J= 7.3 Hz, 3H), 6.80 (s, 1H), 6.59 (d, J= 7.3 Hz, 2H), 4.53-4.46 (m, 2H),
4.37 (s,2H), 4.27 (d, ] = 5.4 Hz, 4H), 4.16-3.99 (m, 6H), 3.52-3.30 (m, 6H), 3.17-2.62 (m, 10H), 2.46
(s, 5H), 2.00-1.92 (m, 3H), 1.79-1.47 (m, 17H), 1.31-1.18 (m, 5H), 0.84-0.77 (m, 12H); '*C NMR
(126 MHz, DMSO-d) 6 174.8, 174.7, 172.9, 172.5, 172.1, 171.8, 171.6, 171.6, 171.4, 171.3, 171.2,
171.1, 170.9, 167.3, 156.3, 138.3, 135.2, 135.1, 130.6 (2xCH>), 130.4 (2xCHb>), 130.0 (2xCH>),
129.8 (2xCH,), 129.5 (2xCH,), 129.1 (2xCH>), 128.6 (2xCH>), 128.5, 127.9, 127.7, 126.7, 115.4
(2xCHy»), 66.8, 60.6, 60.0, 59.4, 58.2, 55.0, 54.3, 53.3, 53.0, 52.7, 52.6, 52.2, 50.7, 50.3, 47.3, 47.1,
40.9, 39.0, 38.9, 37.9, 37.9, 37.3, 37.1, 36.6, 32.2, 32.0, 31.1, 31.1, 29.9, 29.5, 29.4, 28.3, 24.9, 24.6,
24.1,24.0,23.3,23.1,21.7, 19.6, 18.6; HRMS (ESI) caled for C79H114N16017" [M+2H]*" 779.42684,
found 779.42573.

N-acetyl seco-tyrocidine A (DF1K(DF-NH>))-EG (110)

NHRg

FmocHN/lf,;o\/\oQ _ A/{%NQLNWN%QQ%HI(HJIH Ono-r,
D ™ O Y —

OR,

[ $46: R, = resin, R, = Boc, R3 = tBu, Ry = Rs = Trt, Rg = Dde

NHR7 S47: R, = resin, Ry = Boc, R3 = tBu, Ry = Rs = Trt, Rg = H

HN" S0
NHR,

m%¢w¢§¢ﬁ¢¢wR
O ™ QA e

[ $48: R, = resin, R, = Boc, R3 = tBu, Ry = Rg = Trt, R; = Boc
110:R;=R,=R3=R;=Rs=R;=H
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The resin S33 (loading rate: 0.502 mmol/g, 0.02 mmol, 39.8 mg) in Libra tube was swelled in CH>Cl,
for 10 min, which was subjected to 10 cycles [Fmoc-L-Ormn(Boc)-OH, Fmoc-L-Val-OH, Fmoc-L-
Tyr(tBu)-OH, Fmoc-L-GIn(Trt)-OH, Fmoc-L-Asn(Trt)-OH, Fmoc-D-Phe-OH, Fmoc-L-Phe-OH,
Fmoc-L-Pro-OH, Fmoc-L-Lys(Dde)-OH, acetic acid] of SPPS protocol described above to afford the
resin-bound peptide S46. Then, to the resin was added a solution of 2% hydrazine in DMF (500 puL)
and shaken for 5 min at 40 °C to remove the Dde protecting group of the side chain of L-Lys at the
position 2, to give the resin-bound linear peptide S47. This procedure was repeated 3 times in total.
The resin S47 was subjected to 1 cycle [Boc-D-Phe-OH] of SPPS protocol described above to afford
the resin-bound branched peptides S48. To the peptide S48 was added TFA/H,O/TIP = 95:2.5:2.5 (1.0
mL), being shaken for 30 min, and then the reaction mixture was filtered. The filtrate was diluted with
Et,0 (25 mL) and was chilled (80 °C), then centrifuged with 3,500 x g for 10 min at 4 °C to afford
the branched peptide, N-acetyl seco-tyrocidine A (DF1K(DF-NH,))-EG (110). The sample was

subjected to cyclization assay without further purification.

seco-tyrocidine A (DF1F, P2K(DF-NH»))-EG (111)

NHRg
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SO SR \Q ..

[ $49: Ry =resin, R, = R; = Boc, R3 = tBu, R4 = Rs = Trt, Rg = Dde
$50: R, = resin, R, = Ry = Boc, Ry = tBu, Ry = Rg = Trt, Rg = H
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° 1
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[551:R1=resin, R, =R; =Rg=Boc, R3 =tBu, R4 = R5 = Trt
1M1:R;=R,=R3=R4=Rs=R;=Rg=H

The resin S33 (loading rate: 0.502 mmol/g, 0.02 mmol, 39.8 mg) in Libra tube was swelled in CH>Cl»
for 10 min, which was subjected to 9 cycles [Fmoc-L-Ormn(Boc)-OH, Fmoc-L-Val-OH, Fmoc-L-
Tyr(tBu)-OH, Fmoc-L-GIn(Trt)-OH, Fmoc-L-Asn(Trt)-OH, Fmoc-D-Phe-OH, Fmoc-L-Phe-OH,
Fmoc-L-Lys(Dde)-OH, Boc-L-Phe-OH] of SPPS protocol described above to afford the resin-bound
peptide S49. Then, to the resin was added a solution of 2% hydrazine in DMF (500 uL) and shaken

for 5 min at 40 °C to remove the Dde protecting group of the side chain of L-Lys at the position 2, to
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give the resin-bound linear peptide S50. This procedure was repeated 3 times in total. The resin S50
was subjected to 1 cycle [Boc-D-Phe-OH] of SPPS protocol described above to afford the resin-bound
branched peptides S51. To the peptide S51 was added TFA/H,O/TIP = 95:2.5:2.5 (1.0 mL), being
shaken for 30 min, and then the reaction mixture was filtered. The filtrate was diluted with Et,O (25
mL) and was chilled (-80 °C), then centrifuged with 3,500 x g for 10 min at 4 °C to afford the branched
peptide, seco-tyrocidine A (DF1F, P2K(DF-NH,))-EG (111). The sample was subjected to cyclization

assay without further purification.

seco-tyrocidine A (DF1F, F3K(DF-NH»))-EG (112)

Jf'; Q Os_NH,
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The branched EG-substrate 112 was synthesized following the same procedure as for 111 with the

NH,
OH

substitution of Fmoc-L-Lys(Dde)-OH at the position 2 and Fmoc-L-Phe-OH at the position 3 for Fmoc-
L-Pro-OH and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-L-Leu-EG-
2-chlorotrityl resin S33 (loading rate: 0.502 mmol/g, 0.02 mmol, 39.8 mg). The sample was subjected

to cyclization assay without further purification.

seco-tyrocidine A (DF1F, DF4K(DF-NH,)-EG (113)

NH;,
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The branched EG-substrate 113 was synthesized following the same procedure as for 111 with the
substitution of Fmoc-L-Lys(Dde)-OH at the position 2 and Fmoc-D-Phe-OH at the position 4 for Fmoc-

L-Pro-OH and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-L-Leu-EG-
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2-chlorotrityl resin S33 (loading rate: 0.502 mmol/g, 0.02 mmol, 39.8 mg). The sample was subjected

to cyclization assay without further purification.

seco-tyrocidine A (DF1F, NSK(DF-NH,))-EG (114)

The branched EG-substrate 114 was synthesized following the same procedure as for 111 with the
substitution of Fmoc-L-Lys(Dde)-OH at the position 2 and Fmoc-L-Asn(Trt)-OH at the position 5 for
Fmoc-L-Pro-OH and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-L-
Leu-EG-2-chlorotrityl resin S33 (loading rate: 0.502 mmol/g, 0.02 mmol, 39.8 mg). The sample was

subjected to cyclization assay without further purification.

seco-tyrocidine A (DF1F, Q6K (DF-NH»))-EG (115)

NH,
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Dm D\

The branched EG-substrate 115 was synthesized following the same procedure as for 111 with the
substitution of Fmoc-L-Lys(Dde)-OH at the position 2 and Fmoc-L-GIn(Trt)-OH at the position 6 for
Fmoc-L-Pro-OH and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-L-
Leu-EG-2-chlorotrityl resin S33 (loading rate: 0.502 mmol/g, 0.02 mmol, 39.8 mg). The sample was

subjected to cyclization assay without further purification.
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seco-tyrocidine A (DF1F, Y7K(DF-NH»))-EG (116)

/6'(\ /@ O _NH,
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The branched EG-substrate 116 was synthesized following the same procedure as for 111 with the
substitution of Fmoc-L-Lys(Dde)-OH at the position 2 and Fmoc-L-Tyr(tBu)-OH at the position 7 for
Fmoc-L-Pro-OH and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-L-
Leu-EG-2-chlorotrityl resin S33 (loading rate: 0.502 mmol/g, 0.02 mmol, 39.8 mg). The sample was

subjected to cyclization assay without further purification.

seco-tyrocidine A (DF1F, VEK(DF-NH>))-EG (117)
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The branched EG-substrate 117 was synthesized following the same procedure as for 111 with the
substitution of Fmoc-L-Lys(Dde)-OH at the position 2 and Fmoc-L-Val-OH at the position 8 for Fmoc-
L-Pro-OH and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-L-Leu-EG-
2-chlorotrityl resin S33 (loading rate: 0.502 mmol/g, 0.02 mmol, 39.8 mg). The sample was subjected

to cyclization assay without further purification.

seco-tyrocidine A (DF1F, O9K(DF-NH,))-EG (118)
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The branched EG-substrate 118 was synthesized following the same procedure as for 111 with the
substitution of Fmoc-L-Lys(Dde)-OH at the position 2 and Fmoc-L-Orn(Boc)-OH at the position 9 for
Fmoc-L-Pro-OH and Fmoc-L-Lys(Dde)-OH, respectively. The synthesis was initiated from Fmoc-L-
Leu-EG-2-chlorotrityl resin S33 (loading rate: 0.502 mmol/g, 0.02 mmol, 39.8 mg). The sample was

subjected to cyclization assay without further purification.

seco-surugamide B (I1DS, I3K(I-NH,)-EG (119)

H H :
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The branched EG-substrate 119 was synthesized following the same procedure as for 90 with the
substitution of Boc-D-Val-OH at the position 1 for Boc-D-Ser(tBu)-OH. The synthesis was initiated
from Fmoc-D-Leu-EG-2-chlorotrityl resin S17 (loading rate: 0.47 mmol/g, 0.0300 mmol, 63.8 mg).
The structure of 119 was verified by LC-MS/MS analysis (p. 313, Figure S123). The sample was

subjected to cyclization assay without further purification.

Synthesis of cyclic peptides (Synthetic standards)

surugamide B (2)

0 ;\ 0 0 OH
HN._O 0 HN._O 0
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0 w NH 2 W NH "
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\\\\\ 0 Wi o

s53 s52

S52: Fmoc-D-Leu-2-chlorotrityl resin S1 (loading rate: 1.207 mmol/g, 0.0500 mmol, 41.4 mg) in Libra
tube was swelled in CH>Cl, for 1 h, which was subjected to 7 cycles [Fmoc-D-Phe-OH, Fmoc-L-Ile-
OH, Fmoc-L-Lys(Boc)-OH, Fmoc-D-Val-OH, Fmoc-L-Ile-OH, Fmoc-D-Ala-OH, Fmoc-L-Ile-OH] of
the SPPS protocol (Steps 1-4), and then the SPPS protocol (Steps 1 and 2) to afford the resin-bound
peptide S53. To peptide S53 was added CH,Clo/HFP (= 70:30) (0.5 mL), being stirred for 30 min, and

then the reaction mixture was filtered. This procedure was repeated twice. The filtrate was
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concentrated and azeotroped with toluene (% 3) to afford crude peptide S52, which was used in the

next reaction without further purification.

\jw @ n I

2: To a solution of peptide S52 in CH,Clo/DMF (= 9:1) (25 mL) were added 2,4,6-collidine (27 pL,
0.204 mmol), HOAt (13.5 mg, 0.100 mmol), and PyBOP (52.3 mg, 0.100 mmol). After being stirred
overnight, the reaction mixture was concentrated, and the residue was diluted with EtOAc and
saturated aqueous NH4Cl. The resulting mixture was extracted with EtOAc (x3), washed with brine,
dried over MgSQOs, and concentrated. To the residue was added a mixture of TFA/H,O/TIP (=
95:2.5:2.5) (1.0 mL), and the mixture was stirred for 1 h. The reaction mixture was diluted with Et,O
(24 mL), centrifuged at 3500 x g for 5 min at 4 °C, and Et:O layer was removed by decantation. This
procedure was repeated twice. The crude peptide was purified by reversed-phase HPLC to afford 2

(15.3 mg, 34% for 18 steps) as a white solid.

isopeptide 8

s55 s54
S54: Fmoc-D-Leu-2-chlorotrityl resin S1 (loading rate: 1.027 mmol/g, 0.0500 mmol, 48.7 mg) in Libra
tube was swelled in CH»Cl, for 1 h, which was subjected to 7 cycles [Fmoc-D-Phe-OH, Fmoc-L-Ile-
OH, Fmoc-L-Lys(Boc)-OH, Fmoc-D-Val-OH, Fmoc-L-Ile-OH, Fmoc-D-Ala-OH, Fmoc-L-Ile-OH] of
the SPPS protocol (Steps 1-4), and then the SPPS protocol (Steps 1 and 2) to afford the resin-bound
peptide S55. To peptide S55 was added TFA/H,O/TIP = 95:2.5:2.5 (1.0 mL), being stirred for 30 min,

and then the reaction mixture was filtered. This procedure was repeated twice. The filtrate was
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concentrated and azeotroped with toluene (x 3) to afford the crude peptide S54, which was used in the

next reaction without further purification.

o H (e} HN__O
f FmocHN ", ", FmocHN ", ) Hszj
W\ ” ” NH ”
H
0 A
H

S54 8

isopeptide 8: To a solution of S54 in CH,Clo,/DMF (= 9/1) (25 mL) were added 2,4,6-collidine (27 pL,
0.204 mmol), HOAt (13.5 mg, 0.100 mmol), and PyBOP (52.3 mg, 0.100 mmol). After being stirred
2 weeks, the reaction mixture was concentrated, and the residue was diluted with EtOAc and saturated
aqueous NH4Cl. The resulting mixture was extracted with EtOAc (%3), washed with brine, dried over
MgSOs, and concentrated. To the residue was added 20% piperidine in DMF (1.5 mL). After 10 min,
the mixture was diluted with Et,O (24 mL), centrifuged at 3500 x g for 5 min at 4 °C, and Et,O layer

was removed by decantation.

surugamide B (K5A) (= cyc-15)
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S56 cyc-15

Fmoc-D-Leu-2-chlorotrityl resin S1 (loading rate: 1.207 mmol/g, 0.0500 mmol, 41.4 mg) in Libra tube
was swelled in CH2Cl; for 1 h, which was subjected to 7 cycles [Fmoc-D-Phe-OH, Fmoc-L-Ile-OH,
Fmoc-L-Ala-OH, Fmoc-D-Val-OH, Fmoc-L-Ile-OH, Fmoc-D-Ala-OH, Fmoc-L-Ile-OH,] of the SPPS
protocol (Steps 1-4), and then the SPPS protocol (Steps 1 and 2) to afford the resin-bound peptide. To
the peptide was added CH,CL/HFP (= 70:30) (0.5 mL), being stirred for 30 min, and then the reaction
mixture was filtered. This procedure was repeated twice. The filtrate was concentrated and azeotroped
with toluene (x 3) to afford crude peptide S56. To a solution of peptide S56 in CH,Clo,/DMF (= 9:1)
(25 mL) were added 2.,4,6-collidine (27 pL, 0.204 mmol), HOAt (13.5 mg, 0.100 mmol), and PyBOP
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(52.3 mg, 0.100 mmol). After being stirred overnight, the reaction mixture was concentrated, and the
residue was diluted with EtOAc and saturated aqueous NH4CI. The resulting mixture was extracted
with EtOAc (x3), washed with brine, dried over MgSOs, and concentrated. The crude peptide was
purified by reversed-phase HPLC to afford surugamid B (K5A) (= cyc-15) (5.0 mg, 12% for 17 steps)
as a white solid: [a]p??>-1.24 (c 0.25, MeOH); '"H NMR (500 MHz, DMSO-ds) & 8.40 (d, 1H, J = 8.6
Hz), 8.20 (d, 1H, J= 8.6 Hz), 8.12 (d, 1H, J= 6.3 Hz), 8.02 (d, 1H, /= 8.0 Hz), 7.93 (d, 1H, J="7.5
Hz), 7.70 (d, 1H, J=7.5 Hz), 7.66 (d, 1H, J = 6.3 Hz), 7.44 (br, 1H), 7.25-7.15 (m, 5H), 4.42 (m, 1H),
4.36-4.25 (m, 3H), 4.21 (t, IH, J= 8.6 Hz), 4.16 (t, 1H, J=7.5 Hz), 4.03 (t, 1H, J = 7.5 Hz), 3.89 (4,
1H, J= 6.9 Hz), 3.20 (m, 1H), 2.68 (dd, 1H, J=11.5, 13.8 Hz), 1.93 (m, 1H), 1.85 (d, 3H, J=7.9 Hz),
1.14-1.05 (m, 4H), 0.95-0.74 (m, 26H), 0.67 (t, 3H, J = 6.9 Hz), 0.47 (d, 3H, J = 6.9 Hz); '3*C NMR
(125 MHz, DMSO-ds) 5172.6, 172.2 (x2), 171.3, 170.8 (x2), 170.5, 170.2, 138.0, 128.9, 128.0, 126.1,
58.7,57.6,57.0,54.2, 51.7, 48.1, 48.0, 36.5, 36.2, 35.8, 35.4, 30.3, 24.3, 24.2, 24.1 (x2), 23.0, 21.5,
19.3, 18.5, 18.3, 18.0, 15.4, 15.1, 14.7, 11.0 (%2), 10.7; HRMS (ESI) calcd for CsgH72NgOgNa*
[M+Na]" 863.5365, found 863.5364.

Head-to-side chain cyc-90 (= 94)

o o S o
s1 K/NHRZ
NHR4
[ $§58: Ry = resin, Ry = R3 = Boc, Ry = Dde
$§59: Ry =resin, R, = R3 = Boc, Ry = H
0o \:/ woo Yy o) )\
R3HN /ﬁTN\)LN/WN\—)LN N N/W07R1
H o H Ie) H H o) H o)

HN o
”J/\/[NHRS [ $60: R, = resin, R, = R3 = Boc, Rs = Fmoc
$57: Ry = Rs = H, R, = Ry = Boc

Cyclic precursor S57: 2-chlorotrityl chloride resin S1 (loading rate: 0.770 mmol/g, 0.02 mmol, 30.0
mg) in Libra tube was swelled with CH>Cl; for 10 min, which was subjected to 7 cycles [Fmoc-D-Phe-
OH, Fmoc-L-Ile-OH, Fmoc-L-Lys(Boc)-OH, Fmoc-D-Val-OH, Fmoc-L-Lys(Dde)-OH, Fmoc-D-Ala-
OH, Boc-D-Val-OH] of the SPPS protocol (Step 1-4) to afford the resin-bound peptide S58. Then, to
the resin was added a solution of 2% hydrazine in DMF (500 uL) and shaken for 5 min at 40 “C to

remove the Dde protecting group of the side chain of L-Lys at the position 3, to give the resin-bound
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linear peptide S59. This procedure was repeated 3 times in total. To the resin was added a solution of
Fmoc-L-Ile-OH (28.3 mg, 0.08 mmol), DIC (8.10 mg, 0.08 mmol) and Oxyma (11.4 mg, 0.08 mmol)
in DMF (1.0 mL) and stirred for 30 min at 40 °C to give the resin-bound branched peptide S60.
Following Fmoc removal of the side chain of L-Ile, the resin-bound peptide was cleaved from the resin
by a mixture of CH,Cl,/HFP (=70:30) (5 mL), being stirred for 10 min, and the reaction mixture was
filtered. This procedure was repeated twice. The filtrate was concentrated to afford the cyclic precursor

S57.

. ~ )\ o :
o 4 O XY 4 0 H 9 :H
: : : RoHN ~ N, NH
RoHN N N N OH — 2 2 HN
2 N %N/Y %N N/Y H/W BN
H I H :OH H o) o
o o} C o} o} HN

HN NH 5
)’INHz S57:R; = R, = Boc E S61: R, = R, = Boc

94:R, =R, = H
Head-to-side chain cyc-90 (= 94): To a solution of peptide S57 in CH2Clo/DMF (= 9:1) (20 mL) were
added 2,4,6-collidine (9.70 mg, 0.08 mmol), HOAt (5.44 mg, 0.04 mmol), and PyBOP (20.8 mg,
0.04 mmol) to afford cyclic peptide S61. After being stirred overnight at 40 °C, the reaction mixture
was concentrated, and the residue was diluted with EtOAc and saturated aqueous NH4Cl. The resulting
mixture was extracted with EtOAc (X 3), washed with brine, dried over MgSOs, and concentrated.
To the residue was added a mixture of TFA/H,O/TIP (=95:2.5:2.5) (1.0 mL), and the mixture was
stirred for 1 h. The reaction mixture was diluted with Et;O (24 mL), centrifuged at 3500 X g for 10
min at 4 °C, and Et,O layer was removed by decantation. The crude peptide was purified by reversed
phase HPLC with COSMOSIL 5C3-MS-1I1 20 mm [.D x 250 mm, which was eluted by mobile phase
MeCN:H0 (= 35:65) containing 0.05% TFA with flow rate at 10 ml/min to afford the head-to-side
chain cyc-90 (= 94) (6.6 mg, 32.6% for 19 steps) as a white amorphous solid; [a]p'®-43.16 (¢ 0.492,
DMSO); '"H NMR(500 MHz, DMSO-ds) & 8.60 (d, J = 7.0 Hz, 1H), 8.23-8.02 (m, 7H), 7.73 (s, 2H),
7.60-7.56 (m, 1H), 7.46 (d, J = 6.7 Hz, 1H), 7.34 (s, 1H), 7.23-7.09 (m, 5H), 4.37 (dd, J=14.2, 74
Hz, 2H), 4.26-4.17 (m, 2H), 4.08-3.99 (m, 2H), 3.88 (t, /= 7.3 Hz, 1H), 3.81 (t,/J=7.1 Hz, 1H), 3.57
(d, J= 5.7 Hz, 1H), 3.03-2.92 (m, 2H), 2.79-2.56 (m, 4H), 2.02-1.87 (m, 3H), 1.74-1.09 (m, 22H),
1.00-0.56 (m, 30H), 0.44-0.39 (m, 1H); '3C NMR (126 MHz, DMSO-ds) § 173.0, 172.9, 172.6, 172.1,
171.9,171.7,171.2,171.1, 168.0, 138.0, 129.7(2xCH>), 128.7(2xCH>), 126.8, 59.8, 59.0, 58.0, 57.8,
55.4,54.6,54.1,52.6,49.2,39.1, 38.6, 38.0, 36.3, 35.7, 31.6, 31.3, 30.3, 30.0, 28.4, 28.3, 27.1, 25.0,
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24.7,24.6,23.1,22.9,22.8,22.6,19.6,19.3,19.0, 18.8, 18.3, 16.3, 15.6, 11.8, 11.5; HRMS (ESI) calcd
for Cs2HgeN110gNa*™ [M+Na]* 1034.67369, found 1034.67354.

Head-to-side chain cyc-109

FmocHNﬁ(\Q — %\WQWN¢L J\{QL N¢Lj;r JL J#

OR3

$63: Ry =resin, R, = R; = Boc, R3 = tBu, R4 = Rs = Trt, Rg = Dde

$64: R, =resin, R, = R; =Boc, R3 =tBu, R4 =Rg =Trt, Rg = H
NHRg

(\No

NHR,

QW¢J{¢L ¢TW¢L¢

[ $65: Ry = resin, R, = R; = Boc, R3 = tBu, Ry = Rs = Trt, Rg = Fmoc
862: R, = R; =Boc, R3 =tBu, Ry =Rs =Trt, Ry =Rg=H

Cyclic precursor (S62): 2-chlorotrityl chloride resin S7 (loading rate: 0.917 mmol/g, 0.05 mmol, 54.5
mg) in Libra tube was swelled with CH>Cl, for 10 min, which was subjected to 9 cycles [Fmoc-L-
Orn(Boc)-OH, Fmoc-L-Val-OH, Fmoc-L-Tyr(tBu)-OH, Fmoc-L-GlIn(Trt)-OH, Fmoc-L-Asn(Trt)-OH,
Fmoc-L-Lys(Dde)-OH, Fmoc-L-Phe-OH, Fmoc-L-Pro-OH, Boc-L-Phe-OH] of SPPS protocol
described above to afford the resin-bound peptides S63. Then, to the resin was added a solution of 2%
hydrazine in DMF (500 pL) and shaken for 5 min at 40 °C to remove the Dde protecting group of the
side chain of L-Lys at the position 4, to give the resin-bound linear peptide S64. This procedure was
repeated 3 times in total. The the resin-bound linear peptide S64 was subjected to 2 cycles [Fmoc-L-
Pro-OH, Fmoc-D-Phe-OH] of SPPS protocol described above to afford the resin-bound branched
peptides S65. Following Fmoc removal of the side chain of L-Phe, the resin-bound branched peptide
was cleaved from the resin by a mixture of CH>Clo/HFP (=70:30) (5 mL), being stirred for 10 min,
and the reaction mixture was filtrated. This procedure was repeated twice. The filtrate was

concentrated to afford the cyclic precursor S62.
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[ $66: R, = R, = Boc, R = tBu, Ry = R = Tt NHRs :?
o

Head-to-side chain cyc-109: R, =R3=R; =Rs=R;=H NHR,
Head-to-side chain cyc-109: To a solution of peptide S62 in CH>Clo/DMF (=9:1) (20 mL) were added
2,4,6-collidine (24.2 mg, 0.20 mmol), HOAt (27.2 mg, 0.20 mmol), and PyBOP (104 mg, 0.20
mmol) to afford the cyclic peptide S66. After being stirred overnight at 40 °C, the reaction mixture
was concentrated, and the residue was diluted with EtOAc and saturated aqueous NH4Cl. The resulting
mixture was extracted with EtOAc (X 3), washed with brine, dried over MgSQs, and concentrated.
To the residue was added a mixture of TFA/H,O/TIP (=95:2.5:2.5) (1.0 mL), and the mixture was
stirred for 1 h. The reaction mixture was diluted with Et2O (24 mL), centrifuged at 3500 X g for 10
min at 4 °C, and Et;O layer was removed by decantation. The crude peptide was purified by reversed
phase HPLC with COSMOSIL 5C;s-MS-II 20 mm [.D x 250 mm, which was eluted by mobile phase
MeCN:H;0 (= 35:65) containing 0.05% TFA with flow rate at 10 ml/min to afford the head-to-side
chain cyc-109 (27.4 mg, 36.6 % for 25 steps) as a white amorphous solid; [a]p?* -44.48 (¢ 1.317,
MeOH); 'H NMR (500 MHz, DMSO-ds) & 8.70 (d, J = 7.7 Hz, 1H), 8.45-7.60 (m, 13H), 7.45-6.91
(m, 21H), 6.60 (d, J = 7.7 Hz, 2H), 4.54-3.99 (m, 11H), 3.66-3.36 (m, 3H), 3.22-2.93 (m, 9H), 2.90-
2.74 (m, 8H), 2.15-1.99 (m, 4H), 1.88-1.47 (m, 14H), 1.30-1.18 (m, 7H), 0.81-0.66 (m, 12H); *C
NMR (126 MHz, DMSO-ds) 6 174.2, 172.2, 171.9, 171.8, 171.5, 171.3, 170.9, 170.8, 170.7, 170.6,
170.4, 170.1, 169.9, 166.8, 155.8, 137.6, 137.2, 134.7, 129.9, 129.9, 129.4, 129.3, 129.0 (2xCH>),
128.7 (2xCH»), 128.5 (2xCH>), 128.4 (2xCHy), 128.2, 128.1, 128.1, 127.2, 126.5, 126.2, 115.0
(2xCH>), 59.8, 59.6, 55.8, 53.3, 52.5, 52.2, 51.8, 50.6, 49.7, 46.8, 46.6, 45.9, 45.9, 44.8, 44.8, 41.6,
40.4, 38.5, 37.5,36.9, 36.1, 32.1, 31.4, 31.3, 30.5, 29.1, 29.1, 28.9, 26.0, 25.9, 24.4, 24.0, 23.7, 23 4,
22.8, 22.4, 22.0, 19.3, 18.2; HRMS (ESI) calcd for C77H08N16015" [M+2H]*" 748.40845, found
748.40770.
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Table S1: Oligonucleotides used in this study

oligonucleotide

sequence

description

SurE_del_up_forward
SurE_del_up_reverse
SurE_del_down_forward
SurE_del_down_reverse
Aphll_forward
Aphll_forward
SurE_del_check_forward
SurE_del_check_reverse
Sure_Fw

SurE_Rv
Sure_H225A Fw
Sure_H225A_Rv
SurEisas2_Fw
SurEisss2_Rv
SurEaagss_Fw
SurEiagss_Rv
Sure_G235A_Fw
SurE_G235A_Rv
SUrE_G235V_Fw
SurE_G235V_Rv
SurE_G2351_Fw
SurE_G2351_Rv
SurE_G235L_Fw

SurE_G235L_Rv

cgcgaattcaagctt CCTACTCGATCTCGACAG
tgctctagaCACTGCGTCCCCTGCGCC
tgctctagagCGTGCGCCATCAGTTTCG
cccaagcttCCAGGAACCAGAGCCGTTC
tgctctagagCGGCCAGTGAATTCGAGCGACTCGAGT
cccaagcttictagagCCGGGTACCGAGCGAACGCGTT
GTGGTGCTCGCCCTCGGC

GACCACCTCCGCCGAGCG

CCGGAATTCCATATGGGTGCCGAGGGGGCG

CCCAAGCTTTCAGAGCCGGTGCATGGC
GCCGAGCACGTCGACGCCATGGCCTCGCTCTCG
CGAGAGCGAGGCCATGGCGTCGACGTGCTCGGC
ccggaattcGTGCACGGGGACTCAGCGGATCC
cccaagCttTTAGTGCGGCCGTGCGCCGTGG
ccggaattcGTGCCCAACGAGCAGGATCTCGGG
cccaagcttTCATCCGGTCACCTGCCGCCGC
TCGCTGGCCGCCGCCGCGGGGCTGGTCGGCAG
CTGCCGACCAGCCCCGCGGCGGCGGCCAGCGA
GGCCGCCGCCGTGGGGCTG
CAGCCCCACGGCGGLGGLC
TCGCTGGCCGCCGCCATTGGGCTGGTCGGCAG
CTGCCGACCAGCCCAATGGCGGCGGCCAGCGA
TCGCTGGCCGCCGCCCTGGGGCTGGTCGGCAG

CTGCCGACCAGCCCCAGGGCGGCGGCCAGCGA

For deletion of surE gene.
EcoRl site is underlined.

For deletion of surE gene.
EcoRlI site is underlined.

For deletion of surE gene.
Xbal site is underlined.

For deletion of surE gene.
HindlI1 site is underlined.

Cloning of aphll gene. Xbal
site is underlined.

Cloning of aphll gene. Xbal
site is underlined.

Confirmation of deletion of
SUurk gene

Confirmation of deletion of
SurkE gene

Cloning of surE gene. EcoRI-
Ndel sites are underlined.

Cloning of surE gene. HindllI
sites are underlined.

Construction of SurE(H225A)

Construction of Sure(H225A)

Cloning of SurEisss2 gene.
EcoRl sites is underlined.

Cloning of SurEisss2 gene.
Hindlll sites is underlined.

Cloning of SurEissss gene.
EcoRl sites is underlined.

Cloning of SurEissss gene.
Hindl1I sites is underlined.

Construction of SurE(G235A)
Construction of SUrE(G235A)
Construction of SurE(G235V)
Construction of SurE(G235V)
Construction of SurE(G235l)
Construction of SurE(G2351)
Construction of SurgE(G235L)

Construction of Surg(G235L)
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Table S2: Strains used in this study

strain

description

Streptomyces albidoflavus NBRC12854

E. coli GM2929 hsdS::Tn10/pUB307::Tn7
E. coli DH5a

E. coli BL21 (DE3)

E. coli BL21 (DE3)::SurE-pET28a
Streptomyces noursei NBRC15452
Goodfellowiella coeruleoviolacea NBRC14988
E. coli BL21 (DE3)::SurE1s4s2-pET28a

E. coli BL21 (DE3)::SurE1408s-pET28a

E. coli BL21 (DE3):: Sure(H225A)-pET28a
E. coli BL21 (DE3)::SurE(G235A)-pET28a
E. coli BL21 (DE3)::SurE(G235V)-pET28a
E. coli BL21 (DE3)::SurE(G2351)-pET28a
E. coli BL21 (DE3)::SurE(G235L)-pET28a
E. coli BL21 (DE3)::WolJ-pColdll

E. coli BL21 (DE3)::TycC-TE-pET28a

Metabolite analysis, DNA fragment of surkE gene
Deletion of surE gene

General host for gene cloning
General host for gene cloning
General host for Surk

DNA fragment of SurEisss2 gene
DNA fragment of SurEi4gss gene
General host for SurEisss2
General host for SurEia4ess
General host for SurE(H225A)
General host for SurE(G235A)
General host for SurE(G235V)

General host for SurE(G235I)

General host for SurE(G235L)
General host for WolJ

General host for TycC-TE

Table S3: Plasmids used in this study

plasmid

description

pGM160-AsurE
SurE-puUC19
SurE-pET28a
SurEasss2-pET28a
SurEaagss-pET28a
SurE(H225A)-pET28a
SurE(G235A)-pET28a

Surg(G235V)-pET28a

Deletion of surE gene

Cloning plasmid harboring surE gene
Expression plasmid of SurE
Expression plasmid of SurEisss2
Expression plasmid of SurEiagss
Expression plasmid of SUrE(H225A)
Expression plasmid of SurE(G235A)

Expression plasmid of Sur(G235V)
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Surg(G2351)-pET28a
SurE(G235L)-pET28a
WolJ-pColdll

TycC-TE-pET28a

Expression plasmid of SurE(G235l)
Expression plasmid of SurE(G235L)
Expression plasmid of WolJ

Expression plasmid of TycC-TE

Table S4. Amino acid sequence of peptide cyclases used in this study

protein

ID and description

amino acid sequence

N-His6 tagged SurE

Amino acid sequence is
derived from SurE
(GenBank:
BBZ90014.1). Sequence
from the expression
vector pET28a is
underlined.

MGSSHHHHHHSSGLVPRGSHMGAEGAERDAVGALFEELVREH
RVTGAQLSVYRDGALSEYATGLASVRTGEPVTPRTGFPFGSVT
KFLTAELVMQFVCDGDLDLDDPLAGLLPDLGRAAGPPLGTATV
RQLLSHTAGVVDSIEYDEMRGPSYRRFAAACARQPALFPPGLA
FSYSNTGYCLLGAVIEAASGMDWWTAMDSCLLRPLGIEPAFLH
DPRPGQGGAARPVAEGHALRAGGERAEHVDHMASLSLAAAG
GLVGSATDLVTAARPHLADRKTFAQHDLLPEDAVLAMRTCVP
DAEPFGLADGWGLGLMRHGTGDGAWYGHDGAVGGASCNLRI
HPDRSLALALTANSTAGPKLWEALVARLPEAGLDVGHYALPVP
DSAPLAPDAGHLGTYANGDLELMVTHDAAGDLFLTRESYSDY
RLSLHEDDLFVARSGEPGALPITGRFVREHPAGPVALLQYGGRA
MHRL

N-His6 tagged SurEisss2

Amino acid sequence is
derived from SurEzsasz
(JGI database:
2603776488). Sequence
from the expression
vector pET28a is
underlined.

MGSSHHHHHHSSGLVYPRGSHMASMTGGQQMGRGSEFVHGDS
ADPAGYGAGDGSPLDLDLDRLARDCDVAGGQLAVHHHGVLE
TWEFGEEEPGAGRPVHSATAFPYGSTTKVCTATSVLQLVGDGD
LDLDRPVREWLPEAGTVPEARRDHPALAATLRQLLSHTAGLPS
DHDDADASSLRRWLTGFLAAPADARPAPGTFSYSNVGYGIAGR
VVESVTGLPWYEAVRDYLLRPLGTAITALPAEPGSLPAGGLAGS
AADLVRLGLLHIAEPGRPDLADPAALGEATRPTAGADPFGLAD
GWGPGLGHFGPAEDRWLGHDGTLDGATCHLRIHPRRGTVIALT
TNSPTGQALWDAVVGALRDAGIDVGVYRPAPPPSLAQGGAPA
GAAAFADCTGTYRNGDLAVTVGLDGPHLVLELPGGARELAEP
LARRTFAARGAGAFLGRFAVDARTGAVHALQYSGRTLLRDTG
RAHGARPH

N-His6 tagged SurE14oss

Amino acid sequence is
derived from Surk (JGI
database: 2596754607).
Sequence from the
expression vector
pET28a is underlined.

MGSSHHHHHHSSGLVPRGSHMASMTGGQQMGRGSEFVPNEQ
DLGSLLARLAERHRVPGAQLSVCHDSASVTVVTGRERHGAATP
VTARSAFPLGSLTKPFTAALAMVLVADGDLDLDEPVAGYHPGV
TLRRLLSHTAGLESNVDEQAAAGVPRRRWVTRYPARLAPEHPP
GTVFSYSNVGYLLAGHLVEEVTGLDWAEAVESVLLRPLGITPA
FVVGAAGSRGVVCGHVLTDDRVLPVAEQVMPEVEAPNGALAL
SSADLLAFAALFSANSPAPDVLDPATAALMCQDQLADVRVGPY
GMADGWGLGWARYRGAGADWFGHDGTGDGTSCHLRFDPER
GTAVALTTNGSTGAALWRELCAELAERHVLPPEWGREPGEATP
VAGPPDGAGHYANGPAEFVVTRQDDDGLALVLDGAQAVPLTC
LPDLRFQLRLGTTVLSGRFLRDPDTGGIDHIQVTGRLARRRQVT
G
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N-His6
(H225A)

tagged

Surk

Amino acid sequence is
derived from SurE
(GenBank:
BBZ90014.1). Sequence
from the expression
vector pET28a is
underlined.

MGSSHHHHHHSSGLVPRGSHMGAEGAERDAVGALFEELVREH
RVTGAQLSVYRDGALSEYATGLASVRTGEPVTPRTGFPFGSVT
KFLTAELVMQFVCDGDLDLDDPLAGLLPDLGRAAGPPLGTATV
RQLLSHTAGVVDSIEYDEMRGPSYRRFAAACARQPALFPPGLA
FSYSNTGYCLLGAVIEAASGMDWWTAMDSCLLRPLGIEPAFLH
DPRPGQGGAARPVAEGHALRAGGERAEHVDAMASLSLAAAG
GLVGSATDLVTAARPHLADRKTFAQHDLLPEDAVLAMRTCVP
DAEPFGLADGWGLGLMRHGTGDGAWYGHDGAVGGASCNLRI
HPDRSLALALTANSTAGPKLWEALVARLPEAGLDVGHYALPVP
DSAPLAPDAGHLGTYANGDLELMVTHDAAGDLFLTRESYSDY
RLSLHEDDLFVARSGEPGALPITGRFVREHPAGPVALLQYGGRA
MHRL

N-His6
(G235X)

tagged

Surk

G235X mutants of SurE.
X = A/IVII/L. Sequence
from the expression
vector pET28a is
underlined.

MGSSHHHHHHSSGLVPRGSHMGAEGAERDAVGALFEELVREH
RVTGAQLSVYRDGALSEYATGLASVRTGEPVTPRTGFPFGSVT
KFLTAELVMQFVCDGDLDLDDPLAGLLPDLGRAAGPPLGTATV
RQLLSHTAGVVDSIEYDEMRGPSYRRFAAACARQPALFPPGLA
FSYSNTGYCLLGAVIEAASGMDWWTAMDSCLLRPLGIEPAFLH
DPRPGQGGAARPVAEGHALRAGGERAEHVDHMASLSLAAAX
GLVGSATDLVTAARPHLADRKTFAQHDLLPEDAVLAMRTCVP
DAEPFGLADGWGLGLMRHGTGDGAWYGHDGAVGGASCNLRI
HPDRSLALALTANSTAGPKLWEALVARLPEAGLDVGHYALPVP
DSAPLAPDAGHLGTYANGDLELMVTHDAAGDLFLTRESYSDY
RLSLHEDDLFVARSGEPGALPITGRFVREHPAGPVALLQYGGRA
MHRL

N-His6 tagged WolJ

Amino acid sequence is
derived from WolJ
(GenBank:
UNO41476.1). Sequence
from the expression
vector pColdll is
underlined.

MNHKVHHHHHHMSAEAKGRGTTISLPLDRLAKEHSVVGGQLA
VHHQGTTHTWAFGEEEHDSGRPVSVGTAFALGSTTKALTATSV
LQLVSDGDLDLDSPVKTWIEERGAAADHPALNATLRQLLSHTA
GLPSDHFDEEAPSLRRWLAGFLTSGDERARASWPTPGSFSYSNI
GYAVAGRAVEAATGLPWWQAVRDYLLTPLGTGIGLLPGAPQD
GRPLTAAPGHTAHTTPDGRTVVHVVQSTTDAGSAPSGGLAGSA
ADLVRFARLHLEEPGDLDRSAVADPSVLREMAQPVTGAEPFGL
ADGWGLGLGHFGPAGRHWLGHDGTLDGSTCHLRIEPRQGTVV
ALTTNTSSGLALWDSVVEELRECGLDIGLHAPQPPLAAPAATFA
ECTGTYRNGDLAVTVGIEDQHIVLGLPNGQRDSVAPHTGLFFSG
RPGNASLFLGRFVKDVATGEIRALQYSGRTLTREALTARN

N,C-His6 tagged TycC-TE

Amino acid sequence
attached to the TE
domain of the native
TycC
(UniProtkKB/Swiss-Prot:
030409.1) are
underlined.

MGSSHHHHHHSSGLVPRGSHMGGSHKRFESRYGTAILLNQETA
RNVFCFTPIGAQSVYYQKLAAEIQGVSLYSFDFIQDDNRMEQY

AAITAIDPSGPYTLMGYSSGGNLAFEVAKELEERGYGVTDIILFD
SYWKDKAIERTVAETENDIAQLFAEIGENTEMFNMTQEDFQLY

AANEFVKQSFVRKTVSYVMFHNNLVNTGMTTAAIHLIQSELEA
DEEAPVAAKWNESAWANATQRLLTYSGHGIHSRMLAGDYASQ
NASILQNILQELFILKGSRSHHHHHH

Table S5: Compounds used in this study

no. compound

description enzyme for cyclization

1 surugamide A
2 surugamide B
3 surugamide C

4 surugamide D

A cyclic peptide
biosynthesized by SurE
A cyclic peptide
biosynthesized by Surk
A cyclic peptide
biosynthesized by SurE
A cyclic peptide
biosynthesized by SurE
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

surugamide E

surugamide F

seco-surugamide B-SNAC
isopeptide

Figure 2-7

Figure 2-7

Figure 2-7

seco-surugamide F-SNAC

O-benzyl seco-surugamide F-SNAC
seco-surugamide B (K5A, oL8.L)-SNAC
seco-surugamide B (K5A)-SNAC
seco-surugamide B (I11pallol)-SNAC
seco-surugamide B (I3A)-SNAC
seco-surugamide B (0V4pA)-SNAC
seco-surugamide B (16A)-SNAC
seco-surugamide B (oF7pA)-SNAC
seco-surugamide B (oL8pA)-SNAC
seco-surugamide B (K5aAA)-SNAC
seco-surugamide B (oL8oR)-SNAC
seco-surugamide B (pL8oN)-SNAC
seco-surugamide B (pL8pS)-SNAC
seco-surugamide B (oL8oF)-SNAC
seco-surugamide B (oL8G)-SNAC
seco-surugamide B (11W)-SNAC
seco-surugamide B (11P)-SNAC
Figure 3-7

seco-surugamide B-methyl ester
isopeptide

Figure 4-8

Figure 4-8

seco-surugamide B-EG

seco-surugamide B (11G)-EG

A cyclic peptide
biosynthesized by SurE
A linear peptide
biosynthesized by SurE
A substrate with SNAC
at C-terminus
A head-to-side chain
cyclic peptide

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with SNAC
at C-terminus

A substrate with methyl
ester at C-terminus
A head-to-side chain
cyclic peptide of 26

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus
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SUTE, SurE]54521 SurE]4gxg

SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SUrE, SurEsssp, SurE 14985
SurE
SurE
SurE
SurE
SUrE, SurEsssp, SurE 4985
SurE
SurE

Surk

Surt

SurE, Sure(G235X)

Surk



37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

seco-surugamide B (I1A)-EG
seco-surugamide B (I11V)-EG
seco-surugamide B (11L)-EG
seco-surugamide B (I11F)-EG
seco-surugamide B (I11W)-EG
seco-surugamide B (11M)-EG
seco-surugamide B (I11H)-EG
seco-surugamide B (I11R)-EG
seco-surugamide B (11K)-EG
seco-surugamide B (11S)-EG
seco-surugamide B (I11T)-EG
seco-surugamide B (11Y)-EG
seco-surugamide B (I11D)-EG
seco-surugamide B (I1E)-EG
seco-surugamide B (11N)-EG
seco-surugamide B (11Q)-EG
seco-surugamide B (I11P)-EG
seco-surugamide B (LAEEA)-EG
seco-surugamide B (2AEEA)-EG
seco-surugamide B (3AEEA)-EG
seco-surugamide B (4AEEA)-EG
seco-surugamide B (5AEEA)-EG
seco-surugamide B (6AEEA)-EG
seco-surugamide B (7AEEA)-EG
seco-surugamide B (oL8G)-EG
seco-surugamide B (oL8oA)-EG
seco-surugamide B (oL8pV)-EG
seco-surugamide B (oL8pallol)-EG
seco-surugamide B (oL8oF)-EG
seco-surugamide B (oL8oW)-EG
seco-surugamide B (oL8oM)-EG

seco-surugamide B (oL8oH)-EG
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A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

A substrate with EG
at C-terminus

SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE, SurE(G235X)
Surk
SurE
SurE
SurE
SurE
SurE

Surk



69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

seco-surugamide B (oL8oR)-EG
seco-surugamide B (oL8oK)-EG
seco-surugamide B (oL8oS)-EG
seco-surugamide B (oL8oT)-EG
seco-surugamide B (oL8oY)-EG
seco-surugamide B (oL8oD)-EG
seco-surugamide B (oL8oE)-EG
seco-surugamide B (oL8oN)-EG
seco-surugamide B (oL8pQ)-EG
deoxypentaminomycin C
desprenylagaramide C
seco-deoxypentaminomycin C-EG
seco-desprenylagaramide C-EG
desotamide B

wollamide B1

seco-desotamide B-EG
seco-wollamide B1-EG

tyrocidine A

seco-tyrocidine A-EG

Figure 4-25a

Figure 4-25b

seco-surugamide B (11oV, I3K(I-NH,))-EG
Figure 5-4

Head-to-tail cyclic peptide
Head-to-side chain cyclic peptide
Head-to-side chain cyclic peptide
seco-surugamide B (I3K(I-NH,))-EG
Head-to-tail cyclic peptide
Head-to-side chain cyclic peptide
N-acetyl seco-surugamide B (I1K(I-NH,))-EG
seco-surugamide B (11oV, cA2K(I-NH,))-EG

seco-surugamide B (11oV, oV4K(I-NH,))-EG

A substrate with EG
at C-terminus
A substrate with EG
at C-terminus
A substrate with EG
at C-terminus
A substrate with EG
at C-terminus
A substrate with EG
at C-terminus
A substrate with EG
at C-terminus
A substrate with EG
at C-terminus
A substrate with EG
at C-terminus
A substrate with EG
at C-terminus
A cyclic peptide
biosynthesized by PenA
A cyclic peptide
biosynthesized by PagG
A substrate with EG
at C-terminus
A substrate with EG
at C-terminus
A cyclic peptide
biosynthesized by WolJ

wollamide B analog

A substrate with EG

at C-terminus
A substrate with EG

at C-terminus

A cyclic peptide
biosynthesized by TycC-TE

A substrate with EG

at C-terminus

A branched substrate with
EG at C-terminus

Head-to-tail
cyclic peptide of 90
Head-to-side chain
cyclic peptide of 90
Head-to-side chain
cyclic peptide of 90
A branched substrate with
EG at C-terminus
Head-to-tail
cyclic peptide of 95
Head-to-side chain
cyclic peptide of 95
A branched substrate with
EG at C-terminus
A branched substrate with
EG at C-terminus
A branched substrate with
EG at C-terminus
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SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE
SurE

Surk

Surk

Surk

WolJ

WolJ

TycC-TE

SurE
Surk

Surk



101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

seco-surugamide B (110V, K5K(I-NH,))-EG
seco-surugamide B (I110V, I6K(I-NH,))-EG
seco-surugamide B (11oV, oF7K(I-NH,))-EG
N-acetyl seco-wollamide B1 (W1K(W-NH,))-EG
seco-wollamide B1 (W1oA, L2K(W-NH,))-EG
seco-wollamide B1 (W1oA, oL3K(W-NH,))-EG
seco-wollamide B1 (W1oA, VAK(W-NH,))-EG
seco-wollamide B1 (W1pA, NSK(W-NH,))-EG
seco-tyrocidine A (oF1F, oF4K(P-oF-NH,))-EG
N-acetyl seco-tyrocidine A (oF1K(oF-NH,))-EG
seco-tyrocidine A (oF1F, P2K(oF-NH,))-EG
seco-tyrocidine A (oF1F, F3K(oF-NHy))-EG
seco-tyrocidine A (oF1F, oF4K(pF-NH,))-EG
seco-tyrocidine A (oF1F, N5SK(oF-NH,))-EG
seco-tyrocidine A (oF1F, Q6K (oF-NH,))-EG
seco-tyrocidine A (oF1F, Y7K(oF-NH,))-EG
seco-tyrocidine A (oF1F, V8K(oF-NH,))-EG
seco-tyrocidine A (oF1F, O9K(oF-NH,))-EG
seco-surugamide B (110S, 13K(I-NH,))-EG
biphenyl-SAL ester

Oxazolidine intermediate

Biphenyl analog

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

A branched substrate with
EG at C-terminus

SurE
SurE
SurE
WolJ
WolJ
Woll
WolJ
WolJ
TycC-TE
TycC-TE
TycC-TE
TycC-TE
TycC-TE
TycC-TE
TycC-TE
TycC-TE
TycC-TE
TycC-TE

Surk
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Table S6. 633 PBP-type TEs candidates. These were subjected to SSN analysis shown in Figure 4-30
and Figure S2. Table contains NCBI _accession_identifers, pocket-forming residues, group numbers,
molecular weights of the pocket-forming residues, pl values of the pocket-forming residues. Group
numbers are indicated in Figure S2. The pocket-forming residues show residues corresponding to

2271 2315t 2320d 234t 235t 236t 307™, 308, and 309" residues in SurE.

NCBI_accession_id pocket-forming residues group mw pi description
WP 176165477 LEAAGAGNA 772.81 4
WP 202487052 LEAAGGGNA 758.79 4
WP_026247773 LEAAGGGNA 758.79 4
WP_196950376 LEAAGAGNA 772.81 4
WP_117485980 LEAAGAGNA 772.81 4
WP_159697701 LEAAGAGNA 772.81 4
WP_074002751 LEAAGAGNA 772.81 4
WP 145488693 LEAAGAGNA 772.81 4
WP_148023456 LEAAGAGNA 772.81 4
WP 111582917 LEAAGAGNA 772.81 4
WP_153815522 LEAAGAGNA 772.81 4
WP_182453053 LEAAGAGNA 772.81 4
WP_100576563 LEAAGAGNA 772.81 4
WP_063350448 LEAAGAGNA 772.81 4
WP_046427892 LEAAGAGNA 772.81 4
WP 146464606 LEAAGAGNA 772.81 4
WP 167161359 LEAAGAGNA 772.81 4
WP_190025813 LEAAGAGNA 772.81 4
WP 154823969 LEAAGAGNA 772.81 4
WP_182786086 LEAAGAGNA 772.81 4
WP_037656772 LEAAGAGNA 772.81 4
WP 162131791 LEAAGAGNA 772.81 4
WP 161250041 LEAAGAGNA 772.81 4
WP 189762602 LEAAGAGNA 772.81 4
WP_067046215 LEAAGAGNA 772.81 4
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WP_125211387 LEAAGAGNA 1 772.81 4

WP_136099462 LEAAGAGNA 1 772.81 4

WP_042368091 LEAAGAGNA 1 772.81 4

WP_145911725 LEAAGAGNA 1 772.81 4

WP_199572382 LEAAGAGNA 1 772.81 4

WP_085563630 LEAAGAGNA 1 772.81 4

WP_086808018 LEAAGAGNA 1 772.81 4

WP_180328077 LEAAGAGNA 1 772.81 4

WP_093769106 LEAAGAGNA 1 772.81 4

WP_201837785 LEAAGAGNA 1 772.81 4

WP_030607522 LEAAGAGNA 1 772.81 4

WP_181796425 LEAAGAGNA 1 772.81 4

WP_201814503 LEAAGAGNA 1 772.81 4

WP_212006929 LEAAGAGNA 1 772.81 4

WP_198501476 LEAAGAGNA 1 772.81 4

WP_149516160 LEAAGGGNA 1 758.79 4
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WP_030779990 LEAAGAGNA 1 772.81 4

WP_161334278 LEAAGAGNA 1 772.81 4

WP_189984362 LEAAGAGNA 1 772.81 4

WP_103816447 LEAAGAGNA 1 772.81 4

WP_030739793 LEAAGAGNA 1 772.81 4

WP_031027530 LEAAGAGNA 1 772.81 4

WP_176151658 LEAAGAGNA 1 772.81 4

MYU26828 LEAAGAGNA 1 772.81 4

WP_086703662 LEAAGAGNA 1 772.81 4

WP_055528952 LEAAGAGNA 1 772.81 4

WP_132785697 LEAAGAGNA 1 772.81 4

WP_108999240 LEAAGAGNA 1 772.81 4

WP_182443499 LEAAGAGNA 1 772.81 4

WP_196945894 LEAAGAGNA 1 772.81 4

WP_030785550 LEAAGAGNA 1 772.81 4

WP_205036648 LEAAGAGNA 1 772.81 4
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WP_189887401 LEAAGAGNA 1 772.81 4

WP_168374802 LEAAGAGNA 1 772.81 4

WP_058083199 LEAAGAGNA 1 772.81 4

WP_110672029 LEAAGAGNA 1 772.81 4

WP_030639482 LEAAGAGNA 1 772.81 4

WP_171150457 LEAAGAGNA 1 772.81 4

WP_210885418 LEAAGAGNA 1 772.81 4

WP_053709337 LEAAGAGNA 1 772.81 4

WP_112467241 LEAAGAGNA 1 772.81 4

WP_086741946 LEAAGAGNA 1 772.81 4

08755491 LEAAGAGNA 1 772.81 4

WP_133918601 LEAAGAGNA 1 772.81 4

WP_115912803 LEAAGAGNA 1 772.81 4

WP_055694410 LEAAGAGNA 1 772.81 4

WP_111006009 LEAAGAGNA 1 772.81 4

WP_073946309 LEAAGAGNA 1 772.81 4
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WP_042166992 LEAAGAGNA 1 772.81 4

WP_159537039 LEAAGAGNA 1 772.81 4

OBQ53184 LEAAGAGNA 1 772.81 4

WP_055605326 LEAAGAGNA 1 772.81 4

WP_150515129 LEAAGAGNA 1 772.81 4

WP_172381754 LEAAGAGNA 1 772.81 4

WP_030677330 LEAAGAGNA 1 772.81 4

WP_087887274 LEAAGAGNA 1 772.81 4

WP_164327708 LEAAGAGNA 1 772.81 4

WP_189174673 LEAAGAGNA 1 772.81 4

WP_189731883 LEAAGAGNA 1 772.81 4

WP_037658623 LEAAGAGNA 1 772.81 4

WP_187065124 LEAAGAGNA 1 772.81 4

GES29931 LEAAGAGNA 1 772.81 4

WP_093640673 LEAAGAGNA 1 772.81 4

WP_088796133 LEAAGAGNA 1 772.81 4
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WP_189095430 LEAAGAGNA 1 772.81 4

WP_093481651 LEAAGGGNA 1 758.79 4

WP_030989075 LEAAGAGNA 1 772.81 4

WP_030797887 LEAAGAGNA 1 772.81 4

WP_147245669 LEAAGAGNA 1 772.81 4

WP_129251341 LEAAGAGNA 1 772.81 4

WP_199830974 LEAAGAGNA 1 772.81 4

RNFg87452 LEAAGAGNA 1 772.81 4

WP_176186510 LEAAGAGNA 1 772.81 4

WP_191063067 LEAAGAGNA 1 772.81 4

WP_202543249 LEAAGAGNA 1 772.81 4

WP_174882524 LEAAGAGNA 1 772.81 4

SCG07820 LEAAGAGNA 1 772.81 4

WP_069872337 LEAAGAGNA 1 772.81 4

WP_079260291 LEAAGAGNA 1 772.81 4

WP_093703607 LEAAGAGNA 1 772.81 4
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WP_079115496 LEAAGGGNA 1 758.79 4

WP_066026740 LEAAGGGNA 1 758.79 4

WP_067081751 LEAAGGGNA 1 758.79 4

WP_099012482 LEAAGAGNA 1 772.81 4

WP_199335741 LEAAGAGNA 1 772.81 4

WP_210608939 LEAAGAGNA 1 772.81 4

MBA6440195 LEAAGAGNA 1 772.81 4

WP_166482925 LEAAGAGNA 1 772.81 4

NEW69358 LEAAGAGNA 1 772.81 4

WP_044582433 LEAAGAGNA 1 772.81 4

WP_125755191 LEAAGAGNA 1 772.81 4

WP_211127532 LEAAGAGNA 1 772.81 4

WP_086708205 LEAAGAGNA 1 772.81 4

WP_161562721 LEAAGAGNA 1 772.81 4

WP_078638540 LEAAGAGNA 1 772.81 4

WP_055718197 ITAAGAGAV 2 729.83 5.52
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WP_051846197 ITAAGAGAV 2 729.83 5.52

WP_051857202 ITAAGAGAV 2 729.83 5.52

WP_124438013 ITAAGAGAV 2 729.83 5.52

WP_129771561 TLAAGGGAV 2 715.8 5.19

WP_106979213 TLAAGGGAV 2 715.8 5.19

NEE25910 TLAAGGGAV 2 715.8 5.19

WP_100458026 TLAAGGGAV 2 715.8 5.19

WP_203604912 TLAAGGGAV 2 715.8 5.19

WP_115068786 TLAAGGGAV 2 715.8 5.19

WP_202536544 ALAAGGGAV 2 685.78 5.57

WP_202475110 ALAAGGGAV 2 685.78 5.57

WP_203626923 ALAAGGGAV 2 685.78 5.57

WP_030698899 ALAAGGGAV 2 685.78 5.57

WP_175457484 ALAAGGGAV 2 685.78 5.57

WP_215221533 ALAAGGGAV 2 685.78 5.57

WP_023418717 ALAAGGGAV 2 685.78 5.57

210



WP_047471014 ALAAGGGAV 2 685.78 5.57

WP_095712112 ALAAGGGAV 2 685.78 5.57

WP_093844874 ALAAGGGAV 2 685.78 5.57

WP_129819500 ALAAGGGAV 2 685.78 5.57

WP_129814629 ALAAGGGAV 2 685.78 5.57

WP_129290490 ALAAGGGAV 2 685.78 5.57

WP_049978775 ALAAGGGAV 2 685.78 5.57

WP_129810539 ALAAGGGAV 2 685.78 5.57

WP_159312458 ALAAGGGAV 2 685.78 5.57

WP_129839453 ALAAGGGAV 2 685.78 5.57

WP_129862910 ALAAGGGAV 2 685.78 5.57

WP_008405009 ALAAGGGAV 2 685.78 5.57

WP_037844738 ALAAGGGAV 2 685.78 5.57

WP_078095273 LWAAAGGTV 3 844.97 5.52

WP_128430376 LWAASAGTV 3 874.99 5.52

WP_215146602 LWAAGGGTV 3 830.94 5.52
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WP_214977681 LWTAGGGTV 3 860.97 5.52

WP_184944585 LWAASGGTV 3 860.97 5.52

WP_153812920 VWAASGGTA 3 818.88 5.49

WP_159705792 VWAASGGTA 3 818.88 5.49

WP_031183424 VWAASGGTA 3 818.88 5.49

NNJO08210 LWAAGGGTA 3 802.89 5.52

WP_138052280 LWAASGGTV 3 860.97 5.52

WP_186782422 LWAAGGGTV 3 830.94 5.52

WP_200706609 LWAAGGGTV 3 830.94 5.52

WP_129844809 LWAAGGGTV 3 830.94 5.52

WP_129817651 LWAAGGGTV 3 830.94 5.52

WP_103487666 LWAAGGGTV 3 830.94 5.52

WP_159313271 LWAAGGGTV 3 830.94 5.52

WP_129816142 LWAAGGGTV 3 830.94 5.52

WP_093558772 LWAAGGGTV 3 830.94 5.52

WP_061404072 LWAAGGGTV 3 830.94 5.52
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WP_127453804 LWAAGGGTV 3 830.94 5.52

WP_164299050 LWAAGGGTV 3 830.94 5.52

WP_129289501 LWAAGGGTV 3 830.94 5.52

WP_031177581 LWAAGGGTV 3 830.94 5.52

WP_075986130 LWAAGGGTV 3 830.94 5.52

OAP24341 LLDAGAGTA 4 787.87 3.8

EFL07475 LLDAGAGTA 4 787.87 3.8

WP_182891604 LLDAGAGTA 4 787.87 3.8

WP_209666765 LLEAGAGNA 4 814.89 4

WP_086675822 LLDAGAGTA 4 787.87 3.8

WP_155544060 LLDAGAGTA 4 787.87 3.8

WP_125314244 LLEAGAGTA 4 801.89 4

WP_125736247 LLEAGAGTA 4 801.89 4

WP_143267750 LLEAGAGTA 4 801.89 4

WP_081975860 LLEAGAGTA 4 801.89 4

WP_051552944 LLEAGAGTA 4 801.89 4
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WP_091596577 LLEAGAGTA 4 801.89 4

WP_076167640 LLEAGAGTA 4 801.89 4

WP_184906454 LLEAGAGTA 4 801.89 4

WP_101613130 LLEAGAGTA 4 801.89 4

WP_204840550 LDAAGAGTA 5 745.79 3.8

WP_063641807 LDAAGAGTA 5 745.79 3.8

WP_189227133 LDAAGAGNG 5 744.76 3.8

WP_121007528 LDAAGAGTA 5 745.79 3.8

WP_063741392 LDAAGAGTA 5 745.79 3.8

WP_073893781 LEAAGAGNA 5 772.81 4

WP_051773061 LDAAGAGTA 5 745.79 3.8

WP_123742148 LDAAGAGTA 5 745.79 3.8

WP_053721194 IDAAGAGTA 5 745.79 3.8

WP_077009082 LDAAGAGTA 5 745.79 3.8

WP_087773914 LEAAGAGTS 6 775.81 4

WP_047139363 LEAAGAGTS 6 775.81 4
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MBL0778592 LEAAGAGTS 6 775.81 4

WP_023418525 LEAAGAGTS 6 775.81 4

NEES55271 LEAAGAGTS 6 775.81 4

WP_023422390 LEAAGAGTS 6 775.81 4

WP_196191396 LEAAGAGTS 6 775.81 4

QHF94981 LESAGAGTS 6 791.81 4

WP_158933453 LESAGAGTS 6 791.81 4

WP_050502569 LEAAGAGTA 6 759.81 4

S1091352 ILAAGGGTL 7 771.91 5.52

WP_067608174 ILAAGGGTL 7 771.91 5.52

WP_212642483 ILAAGGGTL 7 77191 5.52

WP_210745484 ILAAGGGTL 7 771.91 5.52

WP_071622893 ILAAGGGTL 7 771.91 5.52

WP_174548035 ILAAGGGTL 7 77191 5.52

WP_150253989 ILAAGGGTL 7 771.91 5.52

NKY96311 ILAAGGGTL 7 771.91 5.52
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WP_158940779 VAEAAAAAG 8 729.79 4

WP_158706382 VAEAAAAAG 8 729.79 4

WP_158716964 VAEAAAAAG 8 729.79 4

WP_159004948 VAEAAAAAG 8 729.79 4

WP_125531556 VAEAAAAAG 8 729.79 4

WP_167538542 VVEAAAAAG 8 757.84 4

WP_143264404 LEAAGAGTA 9 759.81 4

WP_091309251 LEAAGAGTA 9 759.81 4

WP_051767832 LEAAGAGTA 9 759.81 4

WP_093952004 LEAAGAGTA 9 759.81 4

WP_191314712 LEAAGAGTA 9 759.81 4

WP_103337857 LEAAGAGTA 9 759.81 4

WP_206507333 LEMNGSGTG 10 864.93 4

WP_125044559 LEMNGSGTG 10 864.93 4

WP_100601994 LELNGGGTG 10 816.87 4

WP_158541815 LEMNGAGTG 10 848.93 4
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PIF96557 LEMNGAGTG 10 848.93 4

WP_128509649 LEMNGAGTG 10 848.93 4

WP_090096878 LEAAGGGTA 11 745.79 4

WP_063798687 LEAAGGGTA 11 745.79 4

WP_065918818 LEAAGGGTA 11 745.79 4

WP_202971193 LEAAGGGTA 11 745.79 4

QFZ21409 LEAAGAGTA 11 759.81 4

WP_124721056 LLVAGAGNT 12 814.94 5.52

WP_051847195 LLVAGAGNT 12 814.94 5.52

WP_158102277 LLVAGAGNT 12 814.94 5.52

QHF93414 LLVAGAGNT 12 814.94 5.52

WP_042194617 IEAAGAGTG 13 745.79 4

WP_084434061 IEAAGAGTG 13 745.79 4

WP_083752742 IEAAGAGTG 13 745.79 4

WP_209647935 IEAAGAGTG 13 745.79 4

PZS38365 LEAAGAGNA 14 772.81 4
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PZS22342 LEAAGAGNA 14 772.81 4

OLB76504 LEAAGAGNA 14 772.81 4

WP_203981639 QEAAGAGNA 14 787.78 4

WP_017585753 IMAAGGGTL 15 789.95 5.52

WP_077692691 VLTAGGGTL 15 787.91 5.49

WP_026127205 VLTAGGGTL 15 787.91 5.49

WP_193518669 VLTAGGGTL 15 787.91 5.49

ATU31793 _SLAGGGTL 16 674.75 524 Ulmié

WP_107080307 _SLAGGGTL 16 674.75 5.24

WP_205366966 _SLAGGGTL 16 674.75 5.24

WP_189864002 _SLAGGGTL 16 674.75 5.24

WP_145934032 LLAVGGGTA 17 757.89 5.52

SFJ14700 LLAVGGGTA 17 757.89 5.52

WP_143104993 LLAVGGGTA 17 757.89 5.52

WP_052674854 LLAVGGGTA 17 757.89 5.52

WP_117349431 GEAAGDGTG 18 733.69 3.67
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WP_101278653 GEAAGDGTG 18 733.69 3.67

WP_129814227 GEAAGDGTG 18 733.69 3.67

WP_049978124 GEAAGDGTG 18 733.69 3.67

WP_204455606 LEAAGAGTG 19 745.79 4

WP_121390334 LEAAGAGTG 19 745.79 4

WP_104481147 LQSAGAGTG 19 760.8 5.52

WP_051731696 VEDAAGGTG 20 775.77 3.67

WP_190159084 VEDAAGGTG 20 775.77 3.67

WP_030687178 VEDAAGGTG 20 775.77 3.67

MBD0693808 VEDAAGGTG 20 775.77 3.67

TRV71681 VSMAGGGAL 21 761.89 5.49

WP_215162624 VSMAGGGAL 21 761.89 5.49

WP_037888807 VSMAGGGAL 21 761.89 5.49

WP_114397097 VLAAGGGTL 22 757.89 5.49

WP_031128381 CLAAGGGTL 22 761.89 5.52

NKY12726 CLAAGGGTL 22 761.89 5.52
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WP_204046946 VEEVAGGTG 23 817.85 3.79

WP_138697565 VEEVAGGTG 23 817.85 3.79

WP_197022479 LWGAGGGTL 24 830.94 5.52

WP_176218334 LWGAGGGTL 24 830.94 5.52

0Q089828 LWGAGGGTL 24 830.94 5.52

REH36224 LEAAGAGTA 25 759.81 4

WP_184870016 LEAAGAGTA 25 759.81 4

WP_202963989 LEAAGAGNA 26 772.81 4

WP_203723873 LEAAGAGNA 26 772.81 4

WP_046385743 VMAAAAAMA 27 806.01 5.49

WP_055557517 VLAAAAAMG 27 773.95 5.49

WP_156757155 LEAAGAGTG 28 745.79 4

WP_084175291 LEAAGAGTG 28 745.79 4

WP_208802339 IEAAGAGNA 29 772.81 4

WP_182880434 IEAAGAGNA 29 772.81 4

WP_112264137 LDAAGAGTG 30 731.76 3.8
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WP_177215812 VEEVAAGTG 31 831.88 3.79

RLK57990 VEEVAAGTG 31 831.88 3.79

QEO73590 ADAAGGGTA 32 689.68 3.8

WP_042222279 LEAAGAGTS 33 775.81 4

AHH97299 LEAAGAGTS 33 775.81 4

AJW76712 AFTAGGGTL 34 793.87 557  Dsal

WP_167971749 LEATGAGMG 35 805.9 4

WP_146349226 MEACGAGNA 36 822.91 4

WP_185003023 LEAAGAGNA 37 772.81 4

WP_133900805 LEAAGAGNG 38 758.79 4

WP_063348713 LEAAGAGTG 39 745.79 4

WP_086820610 LDAAGAGTG 40 731.76 3.8

WP_185445851 LEEAGGGNA 41 816.82 3.79

WP_188316821 MLAAGAGTA 42 761.89 5.28

WP_212823168 LETAGGGNA 43 788.81 4

WP_026066508 LASAGGGTV 44 731.8 5.52
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WP 051713456
AUS77178
WP_215545183
WP_209666634
WP_206807387
WP_199443203
WP_ 199442870
WP_196231464
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Figure S1. Exploration of PBP-type TEs in public database. The network was generated by all-vs-all
blastp with E-value set at 1 x 10°°. Those with E.; domain encoded within the = 80 kb genome
neighborhoods are colored in yellow. Cluster 1 and 2 highlighted by arrows contain 642 and 10 nodes,
respectively. After the removal of highly similar sequences, in total, nonredundant 632 proteins in

cluster 1 and 2 were selected as candidates of PBP-type TEs.
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Figure S2. SSN analysis of PBP-type TEs. Network was generated by all-vs-all blastp with E-value
setat 1 x 107175, Networks are identical to Figure 4-30, except for the color scheme. Groups with more
than one node are indicated by numbering. Nodes were colored according to the molecular weights of
pocket-forming residues (Table S6). Molecular weights were calculated by Expasy webtool Compute

pl/Mw (https://web.expasy.org/compute_pi/)'2.
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Figure S3. In vitro reaction of SurE using seco-surugamide B activated by diols S14-S16. The solvent

peaks are partially omitted for simplicity. Chemical structures of substrates used in this reaction are

shown. SurE quantitatively converted S14-S16 into head-to-tail cyclic peptide SB (2), showing broad

tolerance of SurE toward the leaving groups.
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Figure continues the next page.
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40

seco-surugamide B (I11G)-EG 36 + SurE

seco-surugamide B (11G)-EG 36 - SurE

seco-surugamide B (I11A)-EG 37 + SurE

seco-surugamide B (I11A)-EG 37 - SurkE

seco-surugamide B (11V)-EG 38 + SurE

seco-surugamide B (11V)-EG 38 - SurE

seco-surugamide B (I11L)-EG 39 + SurE

seco-surugamide B (I11L)-EG 39 - SurE

seco-surugamide B (I11F)-EG 40 + SurE

seco-surugamide B (I11F)-EG 40 - SurE

seco-surugamide B (I11W)-EG 41 + SurE

seco-surugamide B (I1W)-EG 41 - SurE

seco-surugamide B (11M)-EG 42 + SurE

seco-surugamide B (11M)-EG 42 - SurE

seco-surugamide B (11H)-EG 43 + SurE

seco-surugamide B (I11H)-EG 43 - SurE

seco-surugamide B (I11R)-EG 44 + SurE

seco-surugamide B (I11R)-EG 44 - SurE

seco-surugamide B (11K)-EG 45 + SurE

seco-surugamide B (11K)-EG 45 - SurE
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Figure S4. In vitro reaction of SurE using [1X variants 36-53. “cyc” and “hyd” are nomenclatures for
head-to-tail cyclic compounds and hydrolyzed linear compounds, respectively. a) Enzymatic products
of SurE reactions using [1X variants 36-53, whose structures were validated based on MS/MS analysis

(pp. 237-255, Figure S12-S47). Residues differ from surugamide B are colored in red. b) SurE-

35

seco-surugamide B (I11S)-EG 46 + SurE

seco-surugamide B (11S)-EG 46 - SurE

seco-surugamide B (I1T)-EG 47 + SurE

seco-surugamide B (I11T)-EG 47 - SurE

seco-surugamide B (I11Y)-EG 48 + SurE

seco-surugamide B (I11Y)-EG 48 - SurE

seco-surugamide B (11D)-EG 49 + SurE

seco-surugamide B (I1D)-EG 49 - SurE

seco-surugamide B (11E)-EG 50 + SurE

seco-surugamide B (I1E)-EG 50 - SurE

seco-surugamide B (I11N)-EG 51 + SurE

seco-surugamide B (I1N)-EG 51 - SurE

seco-surugamide B (I11Q)-EG 52 + SurkE

seco-surugamide B (I11Q)-EG 52 - SurkE

seco-surugamide B (I1P)-EG 53 + SurE

seco-surugamide B (I1P)-EG 53 - SurE

mediated cyclization of 11X variants. The solvent peaks are partially omitted for simplicity.
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UV absorption at 201 nm
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J cyc-60
I-(7AEEA)-oL-EG 60 + SurE
L
I-(7AEEA)-oL-EG 60 - SurE
3 6 9 12 15 18 21 24

Retention time (min)

Figure S5. In vitro reaction of SurE using I-(AEEAs)-DL-EG (54-60). “cyc” is nomenclature for the
head-to-tail cyclic compound. The solvent peaks are partially omitted for simplicity. Enzymatic
products of SurE reactions using EG-substrates 54-60 were validated based on MS/MS analysis (pp.
256-260, Figure S48-S54).
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UV absorption at 201 nm
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seco-surugamide B (bL8G)-EG 61 + SurE
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|
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Figure continues the next page.
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UV absorption at 201 nm
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seco-surugamide B (oL8pK)-EG 70 + SurE

seco-surugamide B (oL8pK)-EG 70 - SurkE

seco-surugamide B (oL8pS)-EG 71 + SurE

seco-surugamide B (oL8pS)-EG 71 - SurkE

seco-surugamide B (pL8pT)-EG 72 + SurkE

seco-surugamide B (oL8pT)-EG 72 - SurE

seco-surugamide B (oL8pY)-EG 73 + SurE

seco-surugamide B (oL8bY)-EG 73 - SurE

seco-surugamide B (oL8oD)-EG 74 + SurkE

seco-surugamide B (oL8bD)-EG 74 - SurE

seco-surugamide B (oL8bE)-EG 75 + SurkE

seco-surugamide B (oL8bE)-EG 75 - SurE

seco-surugamide B (oL8bN)-EG 76 + SurkE

seco-surugamide B (oL8bN)-EG 76 - SurE

seco-surugamide B (pL8bQ)-EG 77 + SurE

seco-surugamide B (pL8pQ)-EG 77 - SurE

Figure S6. In vitro reaction of SurE using DL8DX variants 61-77. “cyc” and “hyd” are nomenclatures

for head-to-tail cyclic compounds and hydrolyzed linear compounds, respectively. a) Enzymatic

products of SurE reactions using DL8DX variants 61-77, whose structures were validated based on

MS/MS analysis (pp. 262-276, Figure S57-S84). Residues differ from surugamide B are colored in

red. b) SurE-mediated cyclization of DL8DX variants. The solvent peaks are partially omitted for

simplicity.
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UV absorption at 190 nm
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seco-surugamide B (11pV, 13K(I-NH,))-EG (90) + SurE
seco-surugamide B (11pV, 13K(I-NH,))-EG (90) - SurE
seco-surugamide B (I11pV, bV4K(I-NH,))-EG (100) + SurE
seco-surugamide B (11pV, bV4K(I-NH,))-EG (100) - SurE
seco-surugamide B (11pV, K5K(I-NH,))-EG (101) + SurE
seco-surugamide B (I11pV, K5K(I-NH,))-EG (101) - SurE
seco-surugamide B (11pV, 16K(I-NH,))-EG (102) + SurE
seco-surugamide B (11pV, I6K(I-NH,))-EG (102) — SurE
seco-surugamide B (I1pV, bF7K(I-NH,))-EG (103) + SurE

seco-surugamide B (I1pV, bF7K(I-NH,))-EG (103) - SurE

Figure S7. In vitro reaction of SurE using branched EG-substrates 98-103. “Head-to-side chain cyc”

and “hyd” are nomenclatures for head-to-side chain cyclic compounds and hydrolyzed linear

compounds, respectively. Enzymatic products of SurE reactions using branched EG-substrates 98-103

were validated based on MS/MS analysis (pp. 284-298,

omitted for simplicity.
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Figure S94-S108). The solvent peaks are



Solvent peak Head-to-side chain cyc-104

;,JPL hyd-104 »
N-acetyl seco-wollamide B1 (W1K(W-NH,))-EG (104) + WolJ + 0% DMSO
J k—’T‘J“H N-acetyl seco-wollamide B1 (W1K(W-NH,))-EG (104) + WolJ + 50% DMSO
I
N-acetyl seco-wollamide B1 (W1K(W-NH,))-EG (104) only
hyd-105 -to-si i -
_JJ y N> Head-to-side chain cyc-105
seco-wollamide B1 (W1DA, L2K(W-NH,))-EG (105) + WolJ + 0% DMSO
\_EQL\M seco-wollamide B1 (W1DA, L2K(W-NH,))-EG (105) + WolJ + 50% DMSO
N

hyd-1 seco-wollamide B1 (W1pA, L2K(W-NH,))-EG (105) only
J yd-106 N /Head—to—side chain cyc-106 2

seco-wollamide B1 (W1pA, bL3K(W-NH,))-EG (106) + WolJ + 0% DMSO

t seco-wollamide B1 (W1pA, bL3K(W-NH,))-EG (106) + WolJ + 50% DMSO

seco-wollamide B1 (W1DpA, bL3K(W-NH,))-EG (106) only

UV absorption at 190 nm

- Head-to-side chain cyc-107
J hyd-107 < ~ Yy

seco-wollamide B1 (W1pA, V4K(W-NH,))-EG (107) + WolJ + 0% DMSO

seco-wollamide B1 (W1pA, VAK(W-NH,))-EG (107) + WolJ + 50% DMSO

I | N
seco-wollamide B1 (W1DA, V4K(W-NH,))-EG (107) only

hyd-108
e
seco-wollamide B1 (W1DA, N5K(W-NH,))-EG (108) + WolJ + 0% DMSO

\JEJLA\\ seco-wollamide B1 (W1pA, N5SK(W-NH,)-EG (108) + WolJ + 50% DMSO
N
L”/\J\\ seco-wollamide B1 (W1DA, NSK(W-NH,))-EG (108) only
2 3 4 5 6 7 8 9 10

T
0 1

Retention time [min]

Figure S8. In vitro reaction of WolJ using branched EG-substrates 104-108. “Head-to-side chain cyc”
and “hyd” are nomenclatures for head-to-side chain cyclic compounds and hydrolyzed linear
compounds, respectively. Enzymatic products of WolJ reactions using branched EG-substrates 104-
108 were validated based on MS/MS analysis (pp. 300-312, Figure S110-S122). The solvent peaks

are partially omitted for simplicity.
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UV absorption at 190 nm

Head-to-side chain cyc-110
Solvent peak hyd-110 o Yy

Jl—/;&KA_M_LA_—
N-acetyl seco-tyrocidine A (bDF1K(pF-NH,))-EG (110) + TycC-TE + 0% DMSO
- \—%‘——’M N-acetyl seco-tyrocidine A (DF1K(pF-NH,))-EG (110) + TycC-TE + 50% DMSO

L L N-acetyl seco-tyrocidine A (DF1K(pF-NH,))-EG (110) only
J hyd-111 Head-to-side chain cyc-111
N Ve

seco-tyrocidine A (DF1F, P2K(pF-NH,))-EG (111) + TycC-TE + 0% DMSO
J k—’\nfﬂumu seco-tyrocidine A (DF1F, P2K(DF-NH,))-EG (111) + TycC-TE + 50% DMSO
I .
seco-tyrocidine A (DF1F, P2K(bF-NH,))-EG (111) onl
J hyd- 112 Head to-side chain cyc-112 v ( ( 2)-EG (111) only
seco-tyrocidine A (DF1F, F3K(DF-NH,))-EG (112) + TycC-TE + 0% DMSO
- % seco-tyrocidine A (DF1F, F3K(DF-NH,))-EG (112) + TycC-TE + 50% DMSO
112
L P\\u
hvd 113 seco-tyrocidine A (DF1F, F3K(bF-NH,))-EG (112) only
yd-
IR W
seco-tyrocidine A (DF1F, bF4K(DF-NH,))-EG (113) + TycC-TE + 0% DMSO
- Lﬂﬁh seco-tyrocidine A (DF1F, bF4K(DF-NH,))-EG (113) + TycC-TE + 50% DMSO

113
I W
seco-tyrocidine A (DF1F, bF4K(DF-NH,))-EG (113) only

N
4’J seco-tyrocidine A (DF1F, N5K(DF-NH,))-EG (114) + TycC-TE + 0% DMSO
Hﬁk seco-tyrocidine A (DF1F, N5K(DF-NH,))-EG (114) + TycC-TE + 50% DMSO
S
D — seco-tyrocidine A (DF1F, N5K(DF-NH,))-EG (114) only
L hyd-115 .

seco-tyrocidine A (DF1F, Q6K(DF-NH,))-EG (115) + TycC-TE + 0% DMSO

vJ L—MJ\R seco-tyrocidine A (DF1F, Q6K(DF-NH,))-EG (115) + TycC-TE + 50% DMSO

| LNMS\L

hyd-116

seco-tyrocidine A (DF1F, Q6K(DF-NH,))-EG (115) only

N
seco-tyrocidine A (DF1F, Y7K(DF-NH,))-EG (116) + TycC-TE + 0% DMSO

“”J L_—,_yﬂ‘”;& seco-tyrocidine A (DF1F, Y7K(DF-NH,))-EG (116) + TycC-TE + 50% DMSO

L—Wj\"x seco-tyrocidine A (DF1F, Y7K(DF-NH,))-EG (116) only
y
;_%_\Lx
- ;L seco-tyrocidine A (DF1F, VBK(DF-NH,))-EG (117) + TycC-TE + 0% DMSO
J 117 seco-tyrocidine A (DF1F, V8K(DF-NH,))-EG (117) + TycC-TE + 50% DMSO
| g,\\@
seco-tyrocidine A (DF1F, VBK(DF-NH,))-EG (117) only
- hyd-118
seco-tyrocidine A (DF1F, O9K(pF-NH,))-EG (118) + TycC-TE + 0% DMSO

R |-

seco-tyrocidine A (DF1F, O9K(bF-NH,))-EG (118) + TycC-TE + 50% DMSO

118\
L 4L L

seco-tyrocidine A (DF1F, O9K(DF-NH,))-EG (118) only
e S S S S

Retention time [min]

Figure S9. In vitro reaction of TycC-TE using branched EG-substrates 110-118. “Head-to-side chain
cyc” and “hyd” are nomenclatures for head-to-side chain cyclic compounds and hydrolyzed linear

compounds, respectively. The solvent peaks are partially omitted for simplicity.
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Figure S10. MS/MS spectrum for the enzymatic product, surugamide B (2)

o %P
\/E\RLNH HN"\_o

O\T\NH HNI\k
)\ NH HN" S0

SHON,

surugamide B (2)
m/z 898.6

o
)

)\OINH

NH

@wfq\

4m/z714.5

W=
AL

8 m/z 558.4

&
: )

OTNH
)\ NH
Og\/NHz

12 m/z 374.2

\g\ﬁ 0E NH
e '8 PRGNS

O%\/N jh\\\ Oé/\,ﬂ nh\\
®/ OM NH,
1 m/z 827.6 2 m/z 785.5

2 9 C}_///D* N Wt
e

AT LT

{o}
HN !
NH Lo*
04\:/n NH,
o
3m/z 770.5
o
B

AX

Oé&/n nh\\ oA, O%\/H W(\\\\\\
O/ o)/_a_g NH, Q/
5m/z 686.5 6 m/z 657.4 7 m/z 615.4
c\)\+ : 9 ll/')—/)f
B NH . o
0y NH 0 _NH Qg
)\\INH )\:T\NH \/:\‘N):NH HN R 0k
O&R NH, D%\,NHZ ’ k +
SakaS o -
9m/z 487.3 10 m/z 445.3 11 m/z 397.3
2)_/<0 \\\\\ .9 /"}_///&
H,N  HN o vz\eLNH
N 0Oy NH
1 LK,
13 m/z 298.2 14 m/z 284.2
5
686.59
4
714.62
7
10 615.54
2
785.60 880.73
3
770.55| | 85365
l J 827.62 [ |
L I.l h 1l ] A

236

1000

miz



Figure S11. MS/MS spectrum for seco-surugamide B (I1G)-EG (36)
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Figure S12. MS/MS spectrum for the enzymatic product cyc-36
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Figure S13. MS/MS spectrum for seco-surugamide B (I1A)-EG (37)
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Figure S14. MS/MS spectrum for the enzymatic product cyc-37
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Figure S15. MS/MS spectrum for seco-surugamide B (I11V)-EG (38)
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Figure S16. MS/MS spectrum for the enzymatic product cyc-38
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Figure S17. MS/MS spectrum for seco-surugamide B (I1L)-EG (39)
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Figure S18. MS/MS spectrum for the enzymatic product cyc-39
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Figure S19. MS/MS spectrum for seco-surugamide B (I1F)-EG (40)
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Figure S20. MS/MS spectrum for the enzymatic product cyc-40
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Figure S21. MS/MS spectrum for seco-surugamide B (I1W)-EG (41)
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Figure S22. MS/MS spectrum for the enzymatic product cyc-41
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Figure S23. MS/MS spectrum for seco-surugamide B (I1M)-EG (42)
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Figure S24. MS/MS spectrum for the enzymatic product cyc-42
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Figure S25. MS/MS spectrum for seco-surugamide B (I1H)-EG (43)
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Figure S27. MS/MS spectrum for seco-surugamide B (I1R)-EG (44)
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Figure S28. MS/MS spectrum for the enzymatic product cyc-44
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Figure S29. MS/MS spectrum for the enzymatic product hyd-44
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Figure S30. MS/MS spectrum for seco-surugamide B (I11K)-EG (45)

NH,

seco-surugamide B (I11K)-EG (45)
m/z 975.7

o oy oY oy
HQN\:)j\N/WN,,’ N/WN\:)j\N/ ‘

L R0 A~
e 3miz 635.4

5
412.39

295.24

200 400

1m/z 847.6

SSUPSEN
H,N AN, AN

1

9y 9 \/ v 9 H ‘o‘
HQNZQKN/W&,, N/ﬁ(“%u N
H/: H 0o Ao ﬁ\H o
NH; NH;

2 m/z 800.6

\i% H O\/
HN AN, ~
”Trmo‘

Figure S31. MS/MS spectrum for the enzymatic product cyc-45
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Figure S32. MS/MS spectrum for seco-surugamide B (I1S)-EG (46)
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Figure S34. MS/MS spectrum for seco-surugamide B (I1T)-EG (47)
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Figure S36. MS/MS spectrum for seco-surugamide B (I1Y)-EG (48)
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Figure S37. MS/MS spectrum for the enzymatic product cyc-48
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Figure S38. MS/MS spectrum for seco-surugamide B (I11D)-EG (49)
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Figure S40. MS/MS spectrum for seco-surugamide B (I1E)-EG (50)
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Figure S41. MS/MS spectrum for the enzymatic product hyd-50
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Figure S42. MS/MS spectrum for seco-surugamide B (I1N)-EG (51)
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Figure S43. MS/MS spectrum for the enzymatic product cyc-51
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Figure S44. MS/MS spectrum for seco-surugamide B (I11Q)-EG (52)
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Figure S46. MS/MS spectrum for seco-surugamide B (I1P)-EG (53)
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Figure S47. MS/MS spectrum for the enzymatic product hyd-53
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Figure S48. MS/MS spectrum for the enzymatic product cyc-54
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Figure S50. MS/MS spectrum for the enzymatic product cyc-56
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Figure S52. MS/MS spectrum for the enzymatic product cyc-58
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Figure S53. MS/MS spectrum for the enzymatic product cyc-59
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Figure S54. MS/MS spectrum for the enzymatic product cyc-60

Ly %

H
je] o}

cyc-60
m/z 1242.7

o
1m/z 1054.6
H;Nj
o 0
o o)
&NH HN‘<
o
Aa o/

o o
2m/z726.4 3m/z581.3
E>\i
o]
&0
kNH NH,
°)¥‘L J’J
o iy o 1242.90
" e
il
4 m/z 436.2
769.53
3 62443 )
47939
o 58143 72656 1
- L l 1054.74
] N {xl N N I T [ H . | LH { ‘HA\ L 1 |
200 400 600 800 1000 1200 miz

260



Figure S55. MS/MS spectrum for the enzymatic product cyc-61
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Figure S56. MS/MS spectrum for seco-surugamide B (bL8pA)-EG (62)
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Figure S57. MS/MS spectrum for the enzymatic product cyc-62
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Figure S58. MS/MS spectrum for seco-surugamide B (bL8pV)-EG (63)
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Figure S59. MS/MS spectrum for the enzymatic product cyc-63
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Figure S60. MS/MS spectrum for seco-surugamide B (bL8pallol)-EG (64)
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Figure S62. MS/MS spectrum for seco-surugamide B (bL8pF)-EG (65)
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Figure S64. MS/MS spectrum for seco-surugamide B (bL8bW)-EG (66)
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Figure S66. MS/MS spectrum for seco-surugamide B (bL8bM)-EG (67)
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Figure S68. MS/MS spectrum for seco-surugamide B (bL8pH)-EG (68)
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Figure S70. MS/MS spectrum for seco-surugamide B (bL8bR)-EG (69)
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Figure S72. MS/MS spectrum for seco-surugamide B (bL8pK)-EG (70)
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Figure S74. MS/MS spectrum for seco-surugamide B (bL8pS)-EG (71)
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Figure S76. MS/MS spectrum for seco-surugamide B (bL8pT)-EG (72)
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Figure S77. MS/MS spectrum for the enzymatic product cyc-72
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Figure S78. MS/MS spectrum for seco-surugamide B (bL8pY)-EG (73)

OH OH
~ o o 7 o . o o o /7Y o . o o *
O H : < o o ¢ o o o
(&”Aﬂ Y \ IAGE (ﬁ“ﬁ(ﬂ“ﬂ“ OGR! rﬁ“m YY) E
NH3 HH, NH,
seco-surugamide B (pL8DY)-EG (73)
m/z 1010.6 1m/z948.6 2m/z785.5
o 0~ o N o : , oYY 2 w9
: H HoN,, AN, A HoN,, A~ N,
HN,, N 2 N N N "
rﬁ“ﬁ oy r&ﬁf(éﬁ‘o‘ r&“”(f
3m/z620.4 4 m/z 397.3 5m/z 298.2
3
620.57
2
785.62
4
397.37
5
298.22 525.62 1
948.69
Lbl Jll'xl h\ N Hu‘hu N M\ﬂ Ll \ m hl LNl \ L‘ b Ul II . l | I N ‘ L 'l
0 200 400 600 800 1000 m/z
Figure S79. MS/MS spectrum for the enzymatic product cyc-73
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Figure S80. MS/MS spectrum for seco-surugamide B (bL8pD)-EG (74)
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Figure S81. MS/MS spectrum for seco-surugamide B (bL8pE)-EG (75)
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Figure S82. MS/MS spectrum for seco-surugamide B (bL8bN)-EG (76)
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Figure S85. MS/MS spectrum for the enzymatic product, deoxypentaminomycin C (78)
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Figure S86. MS/MS spectrum for the enzymatic product, desprenylagaramide C (79)
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Figure S87. MS/MS spectrum for seco-desotamide B-EG (84)
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Figure S89. MS/MS spectrum for the enzymatic product, wo

llamide B1 (83)
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Figure S90. MS/MS spectrum for the enzymatic product, tyrocidine A-COOH (hyd-87)
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Figure S91. MS/MS spectrum for the enzymatic product, tyrocidine A (86)
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Figure S92. MS/MS spectrum for seco-surugamide B (I3K(I-NH»))-EG (95)
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Figure S93. MS/MS spectrum for N-acetyl seco-surugamide B (I1K(I-NH,))-EG (98)
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Figure S94. MS/MS spectrum for the enzymatic product, head-to-side chain cyc-98
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Figure S95. MS/MS spectrum for seco-surugamide B (I1DV, DA2K(I-NH>))-EG (99)
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Figure S96. MS/MS spectrum for the enzymatic product, head-to-side chain cyc-99
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Figure S97. MS/MS spectrum for seco-surugamide B (I1DV, DV4K(I-NH>))-EG (100)
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Figure S98. MS/MS spectrum for the enzymatic product, hyd-100
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Figure S99. MS/MS spectrum for the enzymatic product, head-to-side chain cyc-100
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Figure S100. MS/MS spectrum for seco-surugamide B (I1DV, KSK(I-NH,))-EG (101)
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Figure S101. MS/MS spectrum for the enzymatic product, hyd-101
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Figure S102. MS/MS spectrum for the enzymatic product, head-to-side chain cyc-101
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Figure S103. MS/MS spectrum for seco-surugamide B (I1DV, [6K(I-NH>))-EG (102)

HN

. NWKﬁWﬁJ{(EAﬁwOH

seco-surugamide B (11pV, I6K(I-NH;))-EG (102)

: o, 9, o /'5': )\
AN, AN N A O~
MO YN Ny e
o o L o o
NH,
7
m/z: 975.7

m/z: 1056.7

6
m/z: 899.6

ﬁ/ﬁfov’ HZN/\GKN/TN% N/TN\A” ON

m/z: 1012.7

HzN o,
. HN
07 NH
07 NH
o o 7 o
%
SSQR

m/z:791.5

HN i { i Hﬂ //@NH D
2! o Z N, N A 0.
N N YN + 0 N
H/W H/W H HoN M/Y OH
o o 5 S

Yl s
HEN/WN\E)Ku N E/YO\/\OH
o o o

w

)
NH,
4 3 2
m/z: 752.5 m/z: 734.5 m/z: 564.4
° oy 9
HN AN, A
O
3
m/z: 383.3 734.53
2 899.68
564.32
4
752.56 9
335.13 692.48 / 1056.82
5 8 /
383.15
791.57
451.23 517.29 | 616.37 7 101281
975.76
.LLU \IJI M‘ul\ ;LM\L (W h\ \ “‘ . 1\ [} Lo
200 400 600 800 1000 1200 1400 m/z

293



Figure S104. MS/MS spectrum for the enzymatic product, hyd-102
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Figure S105. MS/MS spectrum for the enzymatic product, head-to-side chain cyc-102
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Figure S106. MS/MS spectrum for seco-surugamide B (I1DV, DF7K(I-NH>))-EG (103)
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Figure S107. MS/MS spectrum for the enzymatic product, hyd-103
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Figure S108. MS/MS spectrum for the enzymatic product, head-to-side chain cyc-103
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Figure S109. MS/MS spectrum for N-acetyl seco-wollamide B1 (W1K(W-NH,))-EG (104)
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Figure S110. MS/MS spectrum for the enzymatic product, hyd-104
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Figure S111. MS/MS spectrum for the enzymatic product, head-to-side chain cyc-104
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Figure S112. MS/MS spectrum for seco-wollamide B1 (W1DA, L2K(W-NH>))-EG (105)
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Figure S113. MS/MS spectrum for the enzymatic product, hyd-105
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Figure S114. MS/MS spectrum for the enzymatic product, head-to-side chain cyc-105
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Figure S115. MS/MS spectrum for seco-wollamide B1 (W1DA, DL3K(W-NH>))-EG (106)
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Figure S116. MS/MS spectrum for the enzymatic product, hyd-106
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Figure S117. MS/MS spectrum for the enzymatic product, head-to-side chain cyc-106
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Figure S118. MS/MS spectrum for seco-wollamide B1 (W1DA, V4K(W-NH,))-EG (107)
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Figure S119. MS/MS spectrum for the enzymatic product, hyd-107
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Figure S120. MS/MS spectrum for the enzymatic product, head-to-side chain cyc-107
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Figure S121. MS/MS spectrum for seco-wollamide B1 (W1DA, NSK(W-NH,))-EG (108)
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Figure S122. MS/MS spectrum for the enzymatic product, hyd-108
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Figure S123. MS/MS spectrum for seco-surugamide B (I11DS, I3K(I-NH»))-EG (119)

seco-surugamide B (110S, I3K(I-NH,))-EG (119)
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Figure S124. MS/MS spectrum for the enzymatic product, head-to-side chain cyc-119
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Figure S125. MS/MS spectrum for biphenyl analog 122
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