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Figure S1.Cultures of MSX70741T¢ichoderma arundinaceum) grown on Potato Dextrose Agar (PDA) under four
different conditions for 21 days. A) Normal PDA. BPA supplemented witbrtho-F-DL-Phe. C) PDA supplemented
with meta-F-DL-Phe. D) PDA supplemented wiplara-F-DL-Phe.
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Fungal strain isolation and identification

Mycosynthetix fungal strain MSX70741 was isolateoni wood collected in a humid mountain forest
(April 1993), while strain MSX57715 was isolatedrr leaf litter in a predominately oak forest (Oaob
1991) both by Dr. Barry KatzBoth strains were used previously for the isolatid peptaibols.At that
time, we utilized the D2 region of the 28S rDNA aidssified the above two strains only to ordieakl

as Hypocreales spp. (GenBank accessions: JN377382 JAN377381, respectively). Based on
morphological examination of the strains grown amapo dextrose agar (PDA, Difco), we were able to
identify the strains as belonging to the geftishoderma. In this study, we sequenced three gene regions,
specifically the partial fragment of translatioromgation factor 1-alphaefl), the partial region of the
second largest subunits of RNA polymeraieR2), and the ITS1, 5.8S, ITS2 rDNA for the identitica

of fungal strains, as these loci have been usedesstully for the identification ofrichoderma spp
previously® and reference strains are available in the RefSsgbase maintained by GenBéarfiér
identification via DNA barcoding and DNA-taxonompm@oaches. The ITS region was obtained with
primers ITS5 and ITS#thetefl region, specifically intron 4 in combination wittron 5, which is useful
for species-level identification, was obtained ggmimer combinationg28F/983F and 986R/2218R
while RPB2 was obtained using primers RPB25f and RPB27knermocycler parameters and primer
sequences for the three regions are outlined iteTab. Sanger sequencing of the purified PCR prtsduc
was performed using BigDye Terminator v3.1 cyclequemcing at Eurofins Genomics
(https://www.eurofinsgenomics.com). The sequencagwbtained bidirectionally using both strand$wit
the same primers used for PCR. Sequences wereagethedn an Applied Biosystems 3730XL high-
throughput capillary sequencer. Sequences weremasg with Sequencher 5.2.3 (Gene Codes),
optimized, and then corrected manually when necgssa

The ITS region was sequenced because it has Eggndted as a barcoding marker for féragid a
reference strain database, International SubcormonissHypocrea andTrichoderma (ISHT) TrichoKey

and TrichoBLAST has been developed, which helggéntification of Trichoderma strains'® When we
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BLAST searched the ITS sequence of MSX70741 ag#iesiSHT database, the strain was identified as
Trichoderma brevicompactum, while GenBank BLAST against the RefSeq databasealed 99%
similarity with numerous reference strains beloggimspecies within theT: brevicompactumclade”, such

as Trichoderma turrialbense (GenBank NR_138448; strain CBS 11244H)ichoderma arundinaceum
(GenBank NR_134372; strain: ATCC 9023Tjjchoderma protrudens (GenBank NR_134373; strain:
CBS 121320), andrichoderma rodmanii (GenBank NR_134374; strain BPI GJS 91-88)). Restlies
have argued that ITS may not provide sufficientohaetson for species-level identification within
Trichoderma and other genera within the order Hypocre&lé$Therefore, we used portions tef1 and

RPB2 to obtain a species-level identificationTafchoderma spp!!

Table S1 PCR protocols and primers used for identificatiirichoderma spp.
Locus Primer Primer Sequence 5'-3' Direction | PCR potocol Reference
Translation EF1-983F/EF1-| GCY CCY GGH CAY CGT GAY TTY AT | Forward 1.94 °C -2 min 6.7k
elongation factor | 728F 2.66 °C—-56 °C
1-alpha (efl) CAT CGA GAA GTT CGA GAA GG Forward touchdown (9 cycles)
EF1- 3.94°C-30 sec
986R/EF1- TAC TTG AAG GAACCC TTACC Reverse | 4.56 °C —1 min
2218R 5.72°C-1min
ATG ACA CCR ACR GCR ACR GTY TG 6. Repeat 3-5 for 36
cycles

7.72°C—10 min

8. 4 °Cfinish
DNA-directed RPB2-5f GAY GAY MGW GAT CAY TTY GG Forward 1.94 °C -3 min 13
RNA polymerase | RPB2-7cR CCC ATR GCT TGY TTR CCC AT Reverse 2.94 °C - 20 sec

Il subunit 2 3.55°C —-30 sec
(RPB2) 4.72°C—1min

5. Repeat 2-4 for 40
cycles

6.72°C - 10 min

7. 4 °C finish

Internal ITS5 GGA AGT AAA AGT CGT AAC AAG G Forward 1.95°C-5min 42
Transcribed ITS4 TCC TCC GCT TAT TGA TAT GC Reverse 2.94°C-30s

Spacer (ITS) 3.52°C-30s
4,72 °C -1 min

5. Repeat 2-4 for 35
cycles

6. 72 °C — 8 min

7. 4 °C finish

Both thetefl andRPB2 sequences were BLAST searched in GenBank separatel the top most
similar sequences were downloaded and alignedthdgtsequences of MSX70741 using MUSCLEthin
the program SeaView v. 4.1. We then employed sé&pagrhylogenetic analyses foefl and RPB2

sequences using Maximum Likelihood with RAxMLon the CIPRES servérwith 1000 bootstrap
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replicates to assess branch/clade support foregting topology of the phylogenetic tree. Maximum
Likelihood analyses using both gene regiotefl(and RPB2) independently placed strain MSX70741
within the Trichoderma brevicompactum clade with strong bootstrap support (100% RAxMlotstrap
support fottef1 and 98% RAXML bootstrap support flaPB2, respectively). Within th&. brevicompactum
clade, MSX70741 showed strong phylogenetic af@sitto Trichoderma arundinaceum (83% RAxML
bootstrap support faefl and 100% RAXML bootstrap support fBPB2, respectively) (Figure S1). All
names used in the phylogenetic analysis confonredent nomenclature @tichoderma spg. Therefore,
based on the results of BLAST search (DNA Barcodiagd Maximum Likelihood analyses (DNA-
taxonomy), MSX70741 was identified dsichoderma arundinaceun? (Ascomycota; Pezizomycotina;
Sordariomycetes; Hypocreomycetidae; Hypocrealegoeyeaceae)lhe sequence data for MSX70741
were deposited in GenBanfaccession no: ITS: KY630171gfl: KY630169, KY630170, RPB2:

KY630166).

For identification of MSX57715, we sequendefl and RPB2, but not the ITS region, as it shows
incomplete resolution for species-level identificatin Trichoderma spp Based on a BLAST search using
GenBank, the closest hits usitgfl sequences wergrichoderma albolutescens (GenBank FJ860609;
strain: CBS 119286; Identities = 724/730 (99%), ©ap3/730 (0%), andrichoderma albolutescens
(GenBank FJ860609; strain: S396; Identities = 720/R9%), Gaps = 3/26 (0%)). Further, based on a
Maximum Likelihood analysis usingPB2 sequences by employing RAXML, MSX57715 was idesuifi
as Trichoderma albolutescens (MSX57715 occurred on a strongly supported clad#% RAXML
bootstrap support with reference strain GenBanl@68317, strain: Ex-type culture: CBS 119286 of
Trichoderma albolutescens) (Supporting information)The sequence data for MSX57715 were deposited

in GenBank(accession ndefl: KY630167, KY630168, RPB2: KY630164, KY630165).
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Figure S2 Phylogram of the most likely tree (-InL = 7876).fdom a RAXML analysis of 52 taxa based RRB2
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MSX70741 was identified abrichoderma arundinaceum (Bold, highlighted in gray). A 14 d old culture ®&wotato
Dextrose Agar media is shown. Bar indicates nuideatubstitutions per site.
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Figure S4 Trichoderma arundinaceum (MS70741). 1. Pustules showing protruding corptiiores. 2.
Conidiophore on PDA (Difco). 3. Conidia. 4. 14 d @ulture on PDA media; Scale Bars: 1 = 100 un3,2,20 um.
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Fermentation, extraction and isolation
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Scheme S1Culture conditions of MSX70741 and MSX57715 arer{EC, control) and rice supplemented with a
racemic mixture obrtho, meta or para-F-phenylalanine (E2-E4).
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Culture conditions optimization

3 days culture of MSX70741in PDA 3 days culture of MSX70741in YESD
——F= D —
3 days culture of MSX70741in PDA 3 days culture of MSX70741in YESD
—— U —
3 days culture of MSX70741in PDA 3 days culture of MSX70741in YESD
—— U —
3 days culture of MSX70741in PDA 3 days culture of MSX70741in YESD

@:ﬂ@

Culture of MSX 70741 + 130 mg of
ortho-F-DL-Phe (powder).

Culture of MSX 70741 +2.0 mL
ortho-F-DL-Phe (7500 ppm).

Culture of MSX 70741 +5.0 mL
ortho-F-DL-Phe (7500 ppm).

Culture of MSX 70741 +2.0 mL
ortho-F-L-Phe (7500 ppm).

Scheme S2Experiments designed for optimization of cultaomditions for biosynthesis of fluorinated alameithi

F50 analogues.
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Preparation of ortho-F-Pheol andmeta-F-Pheol standards

To a suspension of 25 mg oftho-F-D-Phe,ortho-F-L-Phe,meta-F-D-Phe ormeta-F-L-Phe (Acros
Organics) in 2.5 mL of anhydrous tetrahydrofurahlF) were added 2.5 mL of a suspension of 15.0 mg
of lithium borohydride in 2.5 mL of anhydrous TH&iter the addition, the reaction was heated at®5 °
for two hours (Scheme 3) and then cooled to roomperature. Then, the excess of reagent was
decomposed by dropwise addition of 2 N aqueoususodiydroxide and water (5 mL of each). The
resulting white solids were collected by filtratiand washed with 30 mL of THF (2 x). The eluent was
evaporatedn vacuo, and the resulting materials were recrystallizednf ethyl acetate-hexane 1:1 to give

7-10.

Q 3 eq. LiBH4
E OH o F OH
NH, THF, 65 °C, 2 h NH,

Scheme S3Synthetic strategy for the preparatioroatho-F-Pheol andneta-F-Pheol standards.

o e

7 8

R

10

Zln

| %

Figure S& Structures obrtho-F-D-pheol {7), ortho-F-L-pheol 8), meta-F-D-pheol Q), andmeta-F-L-pheol (L0).
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Table S2 NMR data for ortho/meta-F-Phenylalaninol§ and9). Data recorded in GIOH. *H (500 MHz),**C (125
MHz) and®®F (470 MHz)

Compound &) Compound9)
Position dc type on, m, J (Hz) oc type on, m, J (Hz)
1 64.7;s CH, a. 3.424dd, (11.0,7.0) 61.2,s CH, a. 3.55dd, (11.5, 6.0)
b. 3.71dd, (11.0, 4.0) b. 3.714dd, (11.5, 3.5)
2 5455 CH 3.22,m 55.6,5 CH 3.49m
3 32,54, (1.4) CH;, a. 2.78dd, (13.5, 7.0) 35.9,d, (1.6) CH a. 2.99dd, (14.0, 8.5)
b. 2.89dd, (13.5, 7.0) b. 3.714dd, (11.5, 6.5)
4 125.84, (15.8) C 140.1,d, (7.4) C
5 162.7d (242.3) CF 117.2,d, (21.5) CH 7.11¢t, (10.0, 2.0)
6 116.44, (22.1) CH 7.09,t, (9.0) 164.4,d, (244.4) CF
7 130.04, (8.1) CH 7.28,m 115.0,d, (21.0) CH 7.01td, (8.5, 2.0,)
8 125.5d, (3.5) CH 7144, (7.5) 131.7,d, (8.4) CH 7.37td, (8.0, 6.5)
9 132.9d, (4.6) CH 7.28.t, (7.5) 126.4,d, (2.9) CH 7.15¢, (8.5)
5-F -119.65m .
6-F - -114.78¢d, (10.0, 6.5)
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Marfey’s analysis

Absorbance (AU)

Absorbance (AU)

Marfey's analysis of standards

0.254
0.20+ —— L-Pheol
— D-Pheol
0.159 — 0-F-L-Pheol
0.10- 0-F-D-Pheol
— m-F-L-Pheol
0.05- — m-F-D-Pheol
0.001 O T A4 T \ “ 1
5 6 7 8 9 10
Time (min)
Figure S7. Marfey’s analysis of standards.
Marfey's analysis of AF50 (1)
0.41
— Marfey's
Blank
0.3 — L-Pheol
— D-Pheol
0.27 — AF50
0.1- A A
0.0 = 4 A A

4 6 8 10
Time (min)

Figure S8 Marfey’s analysis of alamethicin F50)(
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Absorbance (AU)

Absorbance (AU)

0.51

0.44

0.3

0.2

0.14

0.51

0.44

0.34

0.21

0.14

Marfey's analysis of o-F-Pheol AF50 (2)

4 6
Time (min)

10

— Marfey's

Blank

— 0-F-L-Pheol
—— 0-F-D-Pheol
— 0-F-Pheol

Figure SO Marfey’s analysis ofrtho-F-Pheol alamethicin F5@).

Marfey's analysis of m-F-Pheol AF50 (3)

0.0

Aﬂ I

Time (min)

10

Marfey's

Blank
m-F-L-Pheol
m-F-D-Pheol
m-F-Pheol-AF50

Figure S1Q Marfey’s analysis ofneta-F-Pheol alamethicin F5@Y)
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Figure S11 A) Full scan positive HRESIMS for extracts of MBX741 cultured in rice and rice supplemented witho, meta, andpara-F-DL-Phe (from the top
to the bottom), indicating the incorporationartho andmeta-F-Phe into the alamethicin F50 molecule. B) Exjamsf region atm/z 1960-1990. C) Expansion
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Table S3 NMR data for alamethicin F5@), Data recorded in CGJOH. *H (700 MHz) and*C (175 MHz)

Compound 1 (Alamethicin F50)

Position dc &1, m,J (Hz) HMBC NOESY
Ac 1 172.5
2 22.5 2.05s Ac-1
Aib?! 1 175.5
2 57.4
3 23.8 1.46s Aib-1, Aibl-2, Aibl-4
4 26.6 1.53s Aib*-1, Aib-2
NH 8.63, s Ac-1, Aib1, Aib'-2 Prd-5a,Pra*-5b
Pr& 1 175.6
2 65.7 4.25¢, (8.4) Pré-1, Pré-3
3 29.7 1.80,m Pr&-2, Pré-4
2.34,m Pro-2, Prg-4
4 27.1 1.96m Pr&?-3, Pré-5
2.08,m Prc-3, Pré-5
5 50.0 3.491d, (9.8, 5.6) Pro4 Aib!-NH
3.95m Pr&-4, Aib'-1 Aib*-NH
Aib® 1 178.5
2 57.4
3 23.1 1.54s Aib3-1, Aib3-2
4 27.4 1.56s Aib3-2
NH NH 7.62,5 Aib3-1,Pra*-1 Pré-5a
Ala* 1 177.2
2 54.1 4.09qd, (7.7, 5.6) Al&1, Alet-3 Ala*-NH
3 17.1 1.49q, (7.7) Ald-1
NH 7.55,d, (5.6) Ald-1, Aib*-1 Ala’-2
Aib® 1 177.8
2 57.3
3 23.1 1.54s Aib5-1
4 27.1 1.56s Aib5-1, Aib%-2
NH 7.94,5 Aib%-1, Ala-1 Ala*-NH (weak)
Ala® 1 178.2
2 54.1 4.02m Alas-1, Ala®-3
3 17.0 1.53¢, overlapped Ala2
NH 7.92,brs Alaf-2, Aib’-1 Ala®-2
GIn’ 1 175.8
2 58.1 3.92m GIn’-1, Alaf-1
3 27.1 2.14m GIn’-2, GIrf-4
2.27,m GIn’-2, GIrf-4
4 32.6 2.34m GIn’-2, GIr'-3, GIrf-5
2.54,ddd, (15.4, 9.8, 5.4) G2, GI-3, GIN-5
5 177.3
NH 7.99.d, (4.9) GIr-2, Alaf-1 Ala®-NH
5-NH. 6.77,brs GIn’-3, GIr'-5
7.44,brs GIn’-5
Aib?® 1 178.2
2 57.6
3 23.3 1.52s Aib8-1, Aib%-2
4 27.4 1.55s Aib8-1, AibS-2
NH 8.09, s Ai-1, GIn-1 GIn'-2
val® 1 175.3
2 65.7 3.58m val®-1, vaP-3 Aib-NH
3 30.4 2.25m val®-2,
4 19.6 1.00d, (7.0) vaP-2, vaf-3
5 20.9 1.144d, (7.0) vaf-2, vaP-3
NH 7.49,d, (4.9) vaP-2, Aib’-1
Aib1¢ 1 179.0
2 57.6
3 26.8 1.54s Aib*¢-1, Vaf-1
4 27.1 1.56s Aib-1, Aib'¢-2,
NH 8.23,s Aib*¢-1, VaP-1 VaP-2, Gly*-2b
Gly™ 1 173.0
2 45.1 3.66m Gly'-1
3.93m Glyt-1
NH 8.34,brt, (6.3) Gly-2, Aib'-1 Gly!-2a, Gy-2b
Leu®? 1 175.8
2 54.1 4.47ddd, (10.5, 7.0, 3.5) Leé1, Led?3, Led?*4
3 41.5 1.59, overlapped Lew,
1.96,m Leu%-2, Led*4
4 25.7 1.91m Leu'?-3
5 213 0.924, (6.3) Led?3, Let?-4
6 23.4 0.944, (6.3) Led?3, Let?-4
NH 8.11d, (7.7) Led®-2, Gly*-1 Gly'-2a, Gly-2b
Aib% 1 174.9
2 58.1
3 23.7 1.61s Aib*-1, Aib:-2, Aib:-4
4 26.7 1.54s Aibt-1, Aibt3-2



NH 8.41,s Aib®-1, Led*1 Prd*-5a, Pré*5b

Prot4 1 176.4
2 64.7 4.39,dd, (9.1, 6.3) Prd-1, Prd*-3, Prd*-4
3 30.0 1.80m Pra-2, Prd*-4, Prd*-5
2.32,m Pro-2, Pr@*4, Prd*-5
4 26.9 1.99m Pra“-2, Prd*-3, Prd*-5
2.08,m Pro“-2, Prd*-3, Prd*-5
5 50.6 3.75m Prd*-3, Prd*-4
3.87,dt, (11.2, 5.6) Pr-3, Prd*-4, Aib**-1 Aib-NH
val*® 1 175.3
2 64.3 3.74m val*-1, val<-3
3 30.5 2.34m val‘t-2
4 19.5 0.98d, (7.0) val-2, Va3
5 20.2 1.07d, (7.0) val®-2, val<-3
NH 7.64,d, (8.4) Valt-2, Prd*-1 Prd“-5a
Aib1€ 1 177.6
2 57.6
3 23.4 1.54s Aib€-1, Aibl€-2, Aib'6-4
4 27.4 1.54s Aib*€-1, Aibt€-2
NH 7.60,s Aib€-1, Aib€-2, Aib-4, vals-1 Valts-2
AibY 1 178.7
2 57.7
3 23.4 1.53,s Aib-1, Aib*’-2
4 27.4 1.55,s A-1, Aib*"-2
NH 7.82,s Aib'’-1, Aib'7-2, Aib'’-3, Aib'’-4, Aib*-1 GIn'-3, GIn'®-4b
GInt¢ 1 175.5
2 57.0 4.02m GIn'-1, Aib-1 GIn'-NH
3 28.0 2.25m GIn'-1,GIn%-2, GIn't-4
4 33.2 2.43(lt, (16.1, 8.4) Gl#-2,GIn'-3, GIr-5
2.62,ddd, (15.4, 9.1, 6.3) GH§-2,GIn*-3, GIntt-5
5 177.6
NH 7.79.d, (5.6) GIrt-2, Aib'-1
5-NH2 6.79,brs GInte-3, ¥¥GIn't-5
7.44,brs GInté-5
GInt® 1 174.0
2 55.7 4.15m GIn'®-1,GIn*¢-3, GIntt-1 Phedl‘-NH
3 28.0 2.02m GIn't-2, GIn'*-4
4 329 2.20m GIn'-2,1%GIn'®-3, GIn'¢-5
2.34,m GIn'®-2,1°GIn'®-3, GIn'*-5
5 177.3
NH 7.88,d, (7.0) GIri®-2,GInte-1 Phedi®-2
5-NH2 6.63,brs GIn*-3, GInt®-5
7.34,brs GIn'®-5
Pheot* 1 64.9 3.61brs Pheot®-3
2 54.5 4.15m Pheot®-3 GIn'-NH
3 38.0 2.73dd, (14.0, 9.1) Phedt1, Phedl-2 Phedl®-4, Phedl®-5
2.94,dd, (14.0, 5.6) Phedt1, Phed-2 Phedl®-4, Phed®-5
4 139.8
5 130.4 7.284, (7.7) Phedf-7, Phed®9
6 129.1 7.22((7.7) Phedf-4, Phed®5, Phedl’-8
7 127.1 7.141, (7.7) Phedf-5, Phed®9
8 129.1 7.22((7.7) Phedf-4, Phed®5, Phedl’-6
9 130.4 7.284, (7.7) Phedf-5, Phed®7
NH 7.32,d, (9.1) Phedf-2,GIn'S-1 Phedl’-1, Phedl’-2

aSignals may be exchangeable
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Table S4 NMR data forortho-F-Pheol alamethicin F5@). Data recorded in GIOH. *H (700 MHZz),*3C (175 MHz),
and®°F (470 MHz)

Compound Z (ortho-F-Pheo-alamethicin F50)

Position dc &4, m,J (Hz) HMBC NOESY
Ac 1 172.5
2 22.4 2.05s Ac-1
Aib? 1 175.5
2 57.4
3 23.8 1.46s Aib'-1, Aibl-2, Aibl-4
4 26.6 1.53s Aib*-1, Aib-2
NH 8.63, s Ac-1, Aib1, Aib'-2 Prd-5a,Pra*-5b
Pr& 1 175.6
2 65.7 4,251 (8.4) Pré-1, Pr-3
3 29.7 1.80,m Pr&-2, Pré-4
2.34,m Pro-2, Prg-4
4 27.F 1.97,m Pr&?-3, Pré-5
2.08,m Prc-3, Pré-5
5 49.9 3.481d, (10.5, 6.3) Pro4 Aib-NH
3.95m Pro-4, Aib-1 Aib*-NH
Aib® 1 178.5
2 57.4
3 23.1 1.54s Aib3-1, Aib®-2
4 27.4 1.56s Aib3-2
NH NH 7.62,s Aib3-1,Pra*-1 Pré-5a
Ala* 1 177.2
2 54.1 4.09m Ala®-1, Ala*-3 Ala*-NH
3 17.1 1.484, (7.7) Ald-2
NH 7.56,d, (5.6) Alg-1 Algt-2
Aib® 1 177.8
2 57.3
3 23.1 1.54s Aib5-1
4 27.1 1.56s Aib5-1, Aib%-2
NH 7.93,s AibS-1, Ala-1 Ala*-NH
Ala® 1 178.1
2 53.9 4.02m Alas-1, Ala®-3
3 16.9 1.53d, overlapped A2
NH 7.92,brs Ala5-2 Alab-2
GIn’ 1 175.8
2 58.1 3.94m GIn’-1, Alaf-1
3 27.1 2.15m GIn’-2, GIn-4
2.30,m GIn’-2, GIrf-4
4 32.6 2.34m GIn’-2, GI-3, GIr'-5
2.54,ddd, (15.4, 9.8, 5.6) G2, GI-3, GIN-5
5 177.3
NH 8.00,d, (5.6) GIr-2, Alaf-1 Ala’-NH
5-NH. 6.77,brs GIn’-3, GIr'-5
7.44.brs GIn’-5
Aib?® 1 178.2
2 57.6
3 23.3 1.52s Aib8-1, Aib%-2
4 27.4 1.55s Aib8-1, Aib®-2
NH 8.09, s Ai-1, GIn-1 GIn'-2
val® 1 175.3
2 65.7 3.58dd, (9.8, 3.5) vaki, vaP-3 Aib*-NH
3 30.4 2.25m val®-2,
4 19.6 1.00d, (6.3) val-2, Vaf-3
5 20.8 1.13(, (6.3) val-2, Vaf-3
NH 7.49.d, (4.9) Val-2, Aibf-1
Aib1¢ 1 179.0
2 57.6
3 26.8 1.54s Aib*¢-1, Vaf-1
4 27.1 1.56s Aib¢-1, Aib'¢-2,
NH 8.22,s VaP-2, Gly*-2b
Gly™ 1 173.0
2 45.1 3.67m Gly'*-1
3.94,m Gly!-2, Aib'®-1
NH 8.34,brt, (5.6) Giy-1, Aib'%-1 Gly!*-2a, Gy-2b
Leut? 1 175.8
2 54.1 4.46m Leu*1, Led?3, Led?*4
3 415 1.59, overlapped Lew,
1.96,m Leu%-2, Led*4
4 25.6 1.91m Leu'?-3
5 21.3 0.92d, (6.3) Led?3, Led*4
6 23.4 0.944, (6.3) Led?3, Led®4
NH 8.11,d, (8.4) Led?2, Gly*-1 Gly'*-2a, Gly-2b
Aib*® 1 174.9
2 58.1
3 23.7 1.61s Aib*-1, Aib:-2, Aib:-4
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4 26.7 1.54s Aib®-1, Aib®-2
NH 8.40,s Aib®-1, Led?1 Prd“-5a, Pré*-5b
Prot 1 176.4
2 64.6 4.38dd, (9.1, 6.3) Prd-1, Prd*-3, Prd*4
3 30.0 1.80m Pro-2, Pr@*4, Prd*-5
2.35,m Pro“-2, Prd*4, Prd*-5
4 26.9 1.99,m Prd4-2, Prd“-3, Prd*-5
2.08,m Pro“-2, Prd“-3, Prd*5
5 50.6 3.73m Prag-3, Prd*-4
3.88,dt, (11.2, 6.3) PrY-3, Prd*-4, Aib*-1 Aib*-NH
Val® 1 175.3
2 64.3 3.73m Val-1, vaft-3
3 30.5 2.34m va's-2
4 19.4 0.974, (6.3) Val®-2, vaf-3
5 20.2 1.07d, (6.3) Val®-2, val<-3
NH 7.63,d, overlapped Vaf-2, Prg*1 Prd“-5a
Aib1€ 1 177.6
2 57.6
3 23.4 1.54s Aibe-1, Aib€-2, Aib't-4
4 27.4 1.54s Aibe-1, Aib'6-2
NH 7.58,s Aib-1, Aib'-2, Aib*e-4, Vafs-1 Vafs-2
Aib 1 178.8
2 57.7
3 234 1.53, s Al-1, AibY"-2
4 27.4 155, s Al-1, Aib*-2
NH 7.81s Aib*-1, AibY-2, Aib*-3, Aib*t-1 GIntt-3, GIn®-4b
GInt® 1 175.6
2 57.0 4.01m GInté-1, Aib'’-1 GIn'-NH
3 28.0 2.25m GIn'-1,GIn'-2, GIn'e-4
4 33.2 2.43dt, (15.4, 8.4) GlH-2,GIn'-3, GIntt-5
2.62,dt, (15.4,7.7) GlH-2,GIn'-3, GIntt-5
5 177.4
NH 7.78.,d, (5.6) GIrte-2, AibY-1
5-NH. 6.78,brs GIn'-3, GInté-5
7.44.brs GInté-5
GInt® 1 174.1
2 55.7 4.15m GIn'®-1,GIn*-3, GIntt-1 Phedl®-NH
3 27.9 1.99m GIn*-2, GInt®-4
4 32.9 2.19m GIn'®-2,GIn*-3, GIntt-5
2.34,m GIn'-2,GIn'¢-3, GInts-5
5 177.3
NH 7.86,d, (7.7) GIr®-2,GInté-1 Phed®-2
5-NH. 6.62,brs GIn*-3, GInt®-5
7.35,brs GInt®-5
F-Pheot® 1 65.1 3.65brt F-Phedi®-3
2 52.9 4.25m F-Pheot®-3 GIn'-NH
3 31.1 2.70dd, (14.0,9.1) F-Phe8t1, F-Phedf-2, F-Phed¥-4, F-Phedf-5
3.07,dd, (14.0, 4.9) F-Phe®t1, F-Phed?-2, F-Phed¥-4, F-Phed’-5
4 126.54, (15.4)
5 162.6d, (242.7)
6 115.54, (22.1) 6.991, (9.1) F-Phedf-4, F-Phed®-5, F-Phedf-8
7 129.14, (8.4) 7.18dd, (7.1, 7.0) F-Phed}5, F-Phedf-9
8 124.94d, (3.7) 7.041, (7.7) F-Phedf-4, F-Phedf-6
9 132.94, (4.4) 7.371, (7.7) F-Phedf-5, F-Phedf-7
1-OH 5.23t, (6.6)
NH 7.32,d, (9.1) Girt®-1 F-Phedt-1, F-Phedt-2
F -119.7*m

*Recorded at 470 MHz
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Table S5 NMR data formeta-F-Pheol alamethicin F5@). Data recorded in CIOH. *H (700 MHz),*3C (175 MHz),

and®°F (470 MHz)

Compound : (meta-F-Pheo-alamethicin F50)

residue position dc &4, m,J (Hz) HMBC NOESY
Ac 1 172.5
2 22.4 2.05s Ac-1
Aib? 1 175.5
2 57.4
3 23.8 1.46s Aib'-1, Aibl-2, Aibl-4
4 26.6 1.54s Aib*-1, Aib-2
NH 8.64, s Ac-1, Aib1, Aib'-2 Prd-5a,Pra*-5b
Pr& 1 175.6
2 65.7 4.25¢ (8.4) Pré-1, Pré-3
3 29.7 1.80,m Pr&-2, Pré-4
2.34,m Pro-2, Prg-4
4 27.F 1.97,m Pr&?-3, Pré-5
2.08,m Prc-3, Pré-5
5 49.9 3.491d, (10.5, 6.3,) Pro4 Aib-NH
3.95m Pro-4, Aib-1 Aib*-NH
Aib® 1 178.5
2 57.4
3 23.1 1.54s Aib3-1, Aib3-2
4 27.4 1.56s Aib3-2
NH NH 7.62,s Aib3-1,Pra*-1 Pré-5a
Ala* 1 177.2
2 54.1 4.09m Ala*-1, Ala’-3 Ala*-NH
3 17.0 1.484, (7.7) Ald-2
NH 7.56,d, (4.2) Ald-1 Ala-2
Aib® 1 177.8
2 57.3
3 23.1 1.54s Aib5-1
4 27.1 1.56s Aib5-1, Aib%-2
NH 7.93,s Aib5-1, Ala-1 Ala*-NH
Ala® 1 178.1
2 53.8 4.01m Alas-1, Ala®-3
3 16.9 1.53d, overlapped A2
NH 7.91,brs Ala5-2 Alab-2
GIn’ 1 175.8
2 58.1 3.94m GIn’-1, Alaf-1
3 27.3 2.15m GIn’-2, GIrf-4
2.30,m GIn’-2, GIrf-4
4 325 2.34m GIn’-2, GIr'-3, GIr'-5
2.54,ddd, (15.4, 9.8, 6.3) G2, GI-3, GIN-5
5 177.1
NH 7.99.d, (4.9) GIr-2, Alaf-1 Ala’-NH
5-NH. 6.77,brs GIn’-3, GIr'-5
7.45brs GIn’-5
Aib?® 1 178.2
2 57.6
3 23.3 1.52s Aib8-1, Aib%-2
4 27.4 1.55s Aib8-1, AibS-2
NH 8.08, s Ai-1, GIn-1 GIn'-2
val® 1 175.3
2 65.7 3.58dd, (9.3, 3.2) vaki, vaP-3 Aib*-NH
3 30.6 2.25m val®-2,
4 19.6 1.00d, (6.4) vaf-2, vaP-3
5 20.8 1.134d, (6.3) vaf-2, vaP-3
NH 7.49,d, (4.9) VaP-2, Aib®-1
Aib1¢ 1 179.0
2 57.6
3 26.8 1.54s Aib*¢-1, Vaf-1
4 27.1 1.56s Aib¢-1, Aib'¢-2,
NH 8.22,s VaP-2, Gly*-2b
Gly™ 1 173.0 GIj-1
2 45.0 3.674dd (16.8, 5.6) GI-1
3.95,m Gly*-2, Aibte-1
NH 8.34,brt, (5.7) Gly-1, Aib'-1 Gly!*-2a, Gy-2b
Leut? 1 175.8
2 54.0 4.45m Leu*1, Led?3, Led?*4
3 415 1.59, overlapped Lew,
1.96,m Leu%-2, Led*4
4 25.6 1.91m Leu'?-3
5 21.3 0.924, (6.3) Led?3, Let?-4
6 234 0.944, (6.3) Led?3, Led?*4
— NlH - 8.11,d, (7.8) Led?2, Gly*-1 Gly'*-2a, Gly-2b
i .
2 58.1
3 23.7 1.61s Aib*-1, Aib:-2, Aib:-4
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4 26.6 1.54s Aib®-1, Aib®-2
NH 8.40,s Aib®-1, Led?1 Prd“-5a, Pré*-5b
Prog+ 1 176.4
2 64.6 4.39dd, (8.9, 6.5) Prd-1, Prd*-3, Prd*4
3 30.0 1.80m Pra-2, Prd*-4, Prd*-5
2.35,m Pro“-2, Prd*4, Prd*-5
4 26.9 1.99,m Prd4-2, Prd“-3, Prd*-5
2.08,m Pro“-2, Prd“-3, Prd*5
5 50.5 3.73m Prag-3, Prd*-4
3.88,dt, (11.9,6.2) Prd-3, Prd*-4, Aib*:-1 Aib*-NH
Val® 1 175.3
2 64.3 3.73m val**-1, vaf:-3
3 30.5 2.34m va's-2
4 19.4 0.984, (6.5) Val®-2, vaf-3
5 20.2 1.07d, (6.4) Val®-2, val<-3
NH 7.63,d (8.0) vals-2, Prd*-1 Prd“-5a
Aib*® 1 177.6
2 57.6
3 23.4 1.54s Aibt-1, Aib'€-2, Aibt6-4
4 27.4 1.54s Aibe-1, Aib'6-2
NH 7.59,s Aib*¢-1, Aib'€-2, Aib-4, vafs-1 Vals-2
Aib 1 178.8
2 57.7
3 234 1.53, s Al-1, AibY"-2
4 27.4 155, s Al-1, Aib*-2
NH 7.81,s AibY’-1, Aib'’-2, Aib'’-3, Aib*€-1 GIn'-3, GIn'®-4b
GInt® 1 175.5
2 57.0 4.01m GInté-1, Aib'’-1 GIn'-NH
3 28.0 2.25m GIn'-1,GIn'-2, GIn'e-4
4 33.1 2.43t, (15.5, 8.6) GlH-2,GIn'-3, GIntt-5
2.62,dt, (15.2, 8.0) GlH-2,GIn'-3, GIntt-5
5 177.4
NH 7.79.,d, (5.4) GIrte-2, AibY-1
5-NH. 6.79,brs GIn'-3, GInté-5
7.45,brs GIn'é-5
GInt® 1 174.0
2 55.6 4.16m GIn'®-1,GIn'-3, GIntt-1 Phedl®-NH
3 27.9 2.01-2.05n GIn*-2, GInt®-4
4 329 2.23m GIn'®-2,GIn*-3, GIntt-5
2.34,m GIn'-2,GIn'¢-3, GInts-5
5 177.3
NH 7.87.d, (7.5) GIr®-2,GInté-1 Phed®-2
5-NH. 6.63,brs GIn*-3, GInt®-5
7.35,brs GInt®-5
F-Pheot® 1 64.9 3.63prt F-Phedi®-3
2 54.0 4.16m F-Pheot®-3 GIn'-NH
3 37.7 2.72dd, (14.2,9.7,) F-Phe®t1, F-Phedf-2, F-Phed¥-4, F-Phedf-5
2.98,dd, (13.9, 4.8) F-Phe®1, F-Phedf-2, F-Phed¥-4, F-Phed’-5
4 142.6d, (7.4)
5 117.14d, (21.0) 7.06brd (10.2) F-Phedf-4
6 160.04d, (242.4)
7 113.84d, (21.0) 6.881d, (8.5, 2.3) F-Phed5, F-Phedf-6, F-Phedf-9
8 130.7d, (8.2) 7.241, (7.6) F-Phedf-4, F-Phedf-6
9 126.34, (2.6) 7.10d, (7.6) F-Phedf-5, F-Phedf-7
1-OH 5.27t, (6.6)
NH 7.22,d, overlapped GiH-1 F-Phedt-1, F-Phedt-2
F -115.8*m

*Recorded at 470 MHz
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Figure S13 A) Full scan positive HRESIMS for compouhdB-F) Expansion of the [M+3H, y;*, [M+2H]%, bys*, and [M+H] ion peaks, respectively.
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Figure S14 'H-NMR spectrum of alamethicin F5@)(in CDsOH (recorded at 700 MHz).
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Figure S15 3C-NMR spectrum of alamethicin F5@)(in CD;OH (recorded at 175 MHz).
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Figure S22 The sequential losses of amino acids for eaddouree fragment at/z 1189.69 (top) andvz 792.43

generated from the [M+2F]ion (bottom) for compound.

S36



Aib/Ala Methyl

>,} groups
—T
AC
CD,OH
Val/Leu Methyl
groups
I_‘_\
2-F-Pheol o/m/ aH’s ,
NH's P A BAHS
‘I.O ' 8I.5 ' 8I.0 ' 7I.5 ' 7I.0 ' 6I.5 ' 6I.0 ' 5I.5 ' 5I.0 ' 4I.5 4I.0 3I.5 3I.0 2I.5 2I.0 ' 1I.5 ' 1I.0 ' 0
6 ppm

Figure S23 'H-NMR spectrum obrtho-F-Pheol alamethicin F5@) in CD;OH (recorded at 700 MHz).
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Figure S24 3C-NMR spectrum obrtho-F-Pheol alamethicin F5@)in CD;OH (recorded at 175 MHz).

S38



-1.0

-1.5

- 2.0

-2.5

-3.0

-3.5

-4.0

L 4.5

-5.0

-5.5

- 6.0

- 6.5

-7.0

-7.5

- 8.0

-8.5

" a

= a7

2 @

RPN

-]
2
= =]
T T T T T T T T T T T T T T T T T T T T T T

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

Figure S25 H-'H COSY ofortho-F-Pheol alamethicin F5@) in CD;OH.
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Figure S26 H-'*H TOCSY ofortho-F-Pheol alamethicin F5@) in CD;OH.
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Figure S27 H-'H NOESY ofortho-F-Pheol alamethicin F5@)in CD;OH.
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Figure S28 'H-3C HSQC ofortho-F-Pheol alamethicin F5@)in CDsOH.
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Figure S3Q *F-NMR spectrum obrtho-F-Pheol alamethicin F5@) in CD;OH (recorded at 470 MHz).
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Figure S31 A) Full scan positive HRESIMS afeta-F-Pheol alamethicin F5@). B-F) Expansion of the [M+3H, y7*, [M+2H]?*, bis*, and [M+H] ion peaks,

respectively.
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Figure S32 The sequential losses of amino ac

ids for eacdouree fragment atvz 1189.69 (top) andvz 792.44

generated from the [M+2F]ion (bottom) for compound.
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Figure S33 'H-NMR spectrum ofneta-F-Pheol alamethicin F5@) in CDsOH (recorded at 700 MHz).
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Figure S34 3C-NMR spectrum ofmeta-F-Pheol alamethicin F5@)in CD;OH (recorded at 175 MHz).
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Figure S35 *H-'H COSY ofmeta-F-Pheol alamethicin F5@)in CD;OH.
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Figure S36 H-'H TOCSY ofmeta-F-Pheol alamethicin F5@)in CD;OH.
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Figure S37 H-'H NOESY ofmeta-F-Pheol alamethicin F5@) in CD;OH.
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Figure S38 H-°C HSQC ofmeta-F-Pheol alamethicin F5@)in CD;OH.
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Figure S39 H-13C HMBC of meta-F-Pheol alamethicin F5@) in CD;:OH.
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Figure S4Q %F NMR spectrum ofneta-F-Pheol alamethicin F5@)in CD;OH (recorded at 470 MHz).
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