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Experimental

Strains

Penicilliumsoppii(CBS869.70) Penicilliumjamesonlandeng€€BS102888)wereobtainedrom CBS.A. oryzae

NSAR1 had previously been obtained as a gift from the Kitamoto dr8agcharomyces cerevisiatrain
YPH499(Stratageneyvasusedfor theconstructiorof plasmidsvia yeasthomologousecombinationEscherichia

coli strain TOP10 (Invitrogen) was used filie standard propagation of plasmids, except when propagating
gateway destination vectors when One ShotE ccdB Suryv

used.

Culture conditions

Both Penicillium strains were maintained on MEA at 25. A range of media were originally used to screen
metabolite production in both strains including CYB (3.5 % Czdpek Broth, 1 % Yeast Extract), MEB (Malt
Extract Broth) and ¥B (Yeast Extract Broth). Solid media of the above broths were also usedhgvigialdition

of 1.5 % agar. All subsequent work was done Wittsoppiiusing CYB as the production media, cultured in 50

ml of CYB in 250 ml flasks at 2%C with shaking at 200 rpm for 7 days.

A. oryzaeNSAR1 was maintained on MEA at 28. Induction medim for A. oryzaetransformants was 100 ml
CMP in 500 ml flasks (3.5% w/v Czapek Dox Broth, 2% wA{4)-maltose monohydrate, 1% w/v peptone) at

28 °C with shaking at 200 rpm for 7 days.

Chemical extractions

From plates

Initial extractionsrom agarplateswerebasedonthe protocolreportecby Smedsgaard1 cn? plugsof agarfrom
the rim and the centre of growing colonies were treated with a solution of ethyl acetate, dichloromethane and

methanol3:2:1)with 1 % aceticacid.After 1 hourin anultrasonidbath,theliquid wasremovedandconcentrated



underanitrogenstream.The crudeextract waghendissolvedn acetonitrileto a concentratiorof 10 mg/mL and

analysed byHPLC-MS/UV/ELSD.

From liquid cultures

Typicalchemicalextractiondrom fermentatiorculturespothPenicilliumandA. oryzag involvedaddinganequal
volumeof ethylacetateandblendingto bothbreakopenthe cellsandthoroughlymix the culturewith the solvent.

The ethyl acetate phase was then separated, dried (using May8evaporated under reduced pressure to give
a crude extract. This was then dissolved in acetonitrile to a concentration of 10 mg/mL and analyBe€-by

MS/UV/ELSD.

LCMS analysis and purification

LC-MS analysis of crude fungal extracts was conducted using a Waters LCMS system comprising of a Waters
2767autosamplepWaters2545pumpsystemaPhenomeneKinetexcolumn(2.6¢ 18,1004, 4.6 x 100mm)

with a Phenomenex Security Guard precolumn (Luna C5 300 A) eluted at 1 mL/min. Detection was by Waters
2998 Diode Array detector between 200 and 600 nm; Waters 2424 ELSD and Watets 1883 detector
operating simultaneously in ES+ and-ESodes between0D m/z and 800 m/z. A gradient of solvents was used

(A, HPLC grade H20 containing 0.05% formic acid; B, HPLC gradeG@MHcontaining 0.05% formic acid)
comprising: 0 min, 95 % A; 1 min, 95% A; 2 min, 60 % A; 15 min, 5% A; 17 min, 5% A; 18 min, 95% A; 20

min, 95% A, flow rate ImL-min-1

Purification of compounds was generally achieved using a Waters-dinasted autopurification system
consisting of a Waters 2767 autosampl er, Waters 2545
C18, 100 A, 21.2 x50 mm) equipped with a Phenomenex Security Guard precolumn (Luna Gk 3BDw

rate was at 16 nilL. min-1. Solvent A: HPLC grade 4@ + 0.05% formic acid. Solvent B: HPLC grade 4T

+ 0.05%formic acid. The postcolumnflow wassplit (100:1)andthe minority flow wasmadeup with solventA

to 1 mLt min-1 for simultaneousanalysisby diode array detector(Waters2998), evaporativeight scattering

(Waters 2424andES|I massspectrometryn positiveandnegativemodesWatersSQD-2). Detectecpeakswere

collected then combined fractions were evaporated under a flow oNggas and residues dissolved directly in

NMR solvent for NMRanalysis.



Quantification of cycloaspeptide A

To allow for quantificationof cycloaspeptid@\, purified cycloaspeptid@ wasusedto producea standarcturve.
Cycloaspeptide A concentrations and the peak integration from diode array data were found to have a linear
relationshipwithin therange0.017 1 mg/ ml with aninjectionvolumeof 10 yl (FigureS1).Thus,crudeextracts
weredilutedto give aconcentratiorin the middle of thisrangeandstandardsvereinjectedonthe sameanalytical

run.
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Figure S1: The relationship between cycloaspeptide A concentration and peak area (UV chromatogram) was
found to be linear within the concentration range of 0.@Img / ml when the injection volume was 10 pl.

Nucleic acid preparation

Genomic DNA for sequencing and for strain analysis was preparedPrgamesonlandensandP. soppiiby
harvestingnyceliawhich wasthenlyophilizedandgroundunderliquid nitrogenbeforeusingthe GenElutePlant
GenomicDNA Miniprepkit (Sigma).RNA for cDNA productionwaspreparedisingthe RNeasykit from Qiagen
according to the manufacturerds instructions. cDNA

Synthesis Ki{ThermoFisher).



PCR

Analytical PCRwasperformedusingBioMix Red(Bioline) andpreparativd® CRwasperformedhe high-fidelity
polymerases KOD Hot Start DNA Polymerase (Merck Millipore) or KAPA HiFi DNA polymerase (Roche

Diagnostics).

Primer Table

Table S1: All primers were synthesised by Sigma.

Primer Name Sequence 5’ - 3’

pTub-Ps-F CTTGTCGGTCTTGGGCGCACCGGCGGACATACTCCAAATGCCACCTCCAA
pTub-Ps-R GGTGAACAGCTCCTCGCCCTTGCTCACCATTTTGAAAAGGTATCCCAATG
pGpdA-Ps-F TTGAGATTGATTGGAGGTGGCATTTGGAGTATGTCCGCCGGTGCGCCCAA
pGpdA-Ps-R CTCGACAGACGTCGCGGTGAGTTCAGGCATGATTGCGGTTTACTAGAGCA

Yeast-frag-F

Yeast-frag-R

CACGACGTTGTAAAACGACGGCACGTGCCACCATTGCGAATACCGCTTCC

TAATTATATCAGTTATTACCTGCATGCCTGCAGGTCGAGTGGAGATGTGG

YA-PscyB-F1 TAATGCCAACTTTGTACAAAAAAGCAGGCTATGTCTCAGATCAAGGTCCGA
YA-PscyB-F2 TGGAGTCTTGTCCTATCTGC

YA-PscyB-F3 CCAGATGATTGATACGGCTT

YA-PscyB-F4 ACCGGATTCTCGGACAGTTC

YA-PscyB-F5 CCATCTTCCTGATCCTAGCC

YA-PscyB-R1 TTCCCGTCAGAGACAAATCC

YA-PscyB-R2 TTCTGTAGCCCGGTCTGTTC

YA-PscyB-R3 ACGGACTTGTTCCAAATGG

YA-PscyB-R4 GCATGTTGCAGCACAAGGTC

YA-PscyB-R5 TATAATGCCAACTTTGTACAAGAAAGCTGGTTGTCTCATCCTCAGCCGTT
YA-PscyA-F CTTTCTTTCAACACAAGATCCCAAAGTCAAAATGCGGTACCTCACTCAAC
YA-PscyA-R AGGTTGGCTGGTAGACGTCATATAATCATATCAGCGCGAAGCGGGATTGG

pTYGen-G418-F GTGAAAGTAAAAGATGCTGAAGATCAGTTGTCTAGTGGATCTTTCGACAC



pTYGen-G418-
R
pTYGen-Tub-F
pTYGen-Tub-R
pTYGen-2u-R
PscyD-LF
PscyD-LR
PscyD-RF
PscyD-RR
PscyB-LF
PscyB-LR
PscyB-RF
PscyB-RR
PscyA-LF
PscyA-LR
PscyA-RF
PscyA-RR
HygR1-F
HygR2-R
HygR3-F
HygR4-R
PscyB-KOA-L
PscyB-KOA-R
PscyA-KOA-L
PscyA-KOA-R
PscyD-KOA-L

PscyD-KOA-R

TTGGAGGTGGCATTTGGAGTTCGAGTGGAGATGTGGAGTG

CACTCCACATCTCCACTCGAACTCCAAATGCCACCTCCAA

GCTGTGTTGTCGGACCTTGATCTGAGACATTTTGAAAAGGTATCCCAATG

ACTGATTACTAGCGAAGCTG

TAATGCCAACTTTGTACAAAAAAGCAGGCTTATTCAAGGGTGCCTAGTGA

CGAAAGATCCACTAGAGGATCCCCATCATGCTCTGGTGAAGAGATGACAG

AGCGCCCACTCCACATCTCCACTCGACCTGCGGATCTCATGGGCTGTCA

AATGCCAACTTTGTACAAGAAAGCTGGGTTTGGACGGGTGTTTGCAATG

TAATGCCAACTTTGTACAAAAAAGCAGGCTATGTCTCAGATCAAGGTCCGA

ACTAGAGGATCCCCATCATGGAAAGACGACCAGAATTGGCA

CCACATCTCCACTCGACCTGTCGGAAGGATACACAAGTCAA

AATGCCAACTTTGTACAAGAAAGCTGGGTTCAGCCGTTAGTTAGGTCATG

TAATGCCAACTTTGTACAAAAAAGCAGGCTGCAGCCACTTAACTATGTAC

ACTAGAGGATCCCCATCATGACTAACCCAGACCCAAGTTC

CCACATCTCCACTCGACCTGGCGAATACGGTTATGGGACA

AATGCCAACTTTGTACAAGAAAGCTGGGTAGTCTGTTTCTCATTTGAGCC

CATGATGGGGATCCTCTAGTG

CTCCAACAATGTCCTGACG

CTGTCGAGAAGTTTCTGATCG

CACATCTCCACTCGACCTG

GCATCAATTGGGCAATCG

TGGGACCTGTCTTGTCTC

ATTGTCAGCCGGTCTACCTC

TTCTCGTCACTCTGGACAGT

GGATTCTGCGTTGAGAGCAA

TTGACATTGGCATCAACGAT



Transformations protocols

S. cerevisiae
Transformations were performed using the LiAc PEG mediated méthod.

A. oryzae
Transformations were performed using the PEG mediated protoplast method as described pteviously.

Sporeps. v?/zfep;:arvested from a single, fully covered plate and incubated fod&ys at 25 °C with shaking at 200 rpm

in 50 ml of MEB medium (Malt Extract Broth). The resulting hyphae were harvested by centrifugation (8000 x g for 10
mins), washed once thi H,O, once with 0.8M NacCl then resuspended in 10 ml of filter sterilised protoplasting solution
(20 mg/mITrichodermdysing enzyme(Sigma)and5 mg/ml driselasgSigma)in 0.8 M NaCl). Protoplastingvasleft to

proceed with gentle shaking for 2 hours. Protoplasts were filtered through sterile miracloth, harvested by centrifugation
(3000 x g for 5 min) and washed in solution 1 (0.8 M NaCl, 10 mM CacCl2, 50 mivHTigpH 7.5). The protoplasts

were then resuspeed in 2065 0 0 ¢ | of solution 1. For eaclblQerga n(sifOo renla
max) of concentrated PCR product or plasmid DNA were gently mixed. The transformation was incubated on ice for 2
mins, after which 1 ml of solution 2 (60% /PEG 3350, 0.8 M NaCl, 10 mM CaCl2, 50 mM THEI pH 7.5) was
addedandthenincubatedatroomtemperaturdor 20 mins.To plateout, 5 ml of molten(50 °C) MEA/S top medium(2%

(w/v) malt extract broth, 1 M sorbitol, 0.8% (w/v) agar) was added, geridgd and then overlaid onto prepared plates

(2% (w/v) malt extract broth, 1 M sorbitol, 1.5% (w/v) agar). Plates were then incubated at 28 °C for 3 days, or until

coloniesappeared.

Gene knock-outs

Various genes were disrupted in this work using therbfpagene knoclout approach. This approach involves splitting

the selectablenarkerinto two overlappingragmentseachof which arefusedto regionshomologougo theregionto be
targeted. (with a ~500 bp overlap). The splittimigthe selectable marker means that homologous recombination is
required to reconstruct the cassette and allow selection, which in turn improve the frequency of integration via

homologous recombination, and thus gene disruption.

Gene knoclout cassettes wermnstructed in plasmid pEA and subsequently used as templates to produce the DNA

fragments required for the bipartite knealt method. The general approach is outlined in Figure S2.



Three knockout cassettes were constructed for the cypeptideN-methyltransferas®scyA NRPSPscyBand the

transcription factoPscyD The right and left flanking regions for each were amplified fildnsoppiigenomic DNA

using the following primer pairs:

PscyBLF/PscyBLR and PscyBRF/PscyBRR for the leftand right flanking regions of PscyB.
PscyALF/PscyALR andPscyARF/PscyARR for theleft andright flanking regionsof PscyA.

PscyDLF/PscyDLR andPscyDRF/PscyDRR for theleft andright flanking regionsof PscyD.

The primer pair HygRF/HygR4R was ued to amplify the hygromycin cassette which formed the centre of the knock
out construct. To amplify the bipartite fragments for the transformation, the forward primer for the left flanking region
(PscyALF, PscyBLF or PscyDLF) was combined with the prier HygR2R, and HygR3 was combined with the

reverse primer for the right flanking region (PseR®R, PscyBRR or PscyBRR).
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Figure S2: The knockout cassettes consist of the hygromycin resistance cassette, which consists of the gpdA promoter,

theHygR resistancgeneandthetrpC terminator(reference)flankedby approximatelyl kb fragmentsof the geneto be



targeted. Once this cassette has been constructed in yeast, the overlapping bipartite fragment can be amplified from the

resuting plasmid, either directly from the yeast plasmid preparation, or after passage thraogh

Once transformants had been generated using the bipartite method, targeted integration of tbet kawostruct was
testedby usingprimersdesignedo bind outsidethe homologougegionsin combinatiorwith primers whichbind within
resistanceassettéFigure S3). Correctintegrationat theleft-handsideof thetargetedegionwastestedusingthe primer
HygR2-R in combination with either PscyKOA-L, PscyBKOA-L or PscyDKOA-L. Correct integration at the right
hand end of the region was tested using primer HylgR8th the gene specific primers PSciOA-R, PscyBKOA-R

or PscyDKOA-R.

KOA-R

Figure S3: Correct integration of knoekut cassettes was confirmed by combining primers designed to bind outside the
targeted region with primers binding within the resistance cassette.



H. virescendgnjection assay

Intrinsic insecticidal activity wasletermined by administering peptides via injection (33 gauge needle) into the
haemolymph of early fourth instar tobacco budwokeliothis virescensThe injection was made into the second

abdominal segment between the subdorsal band and spiracular band.

Insecticidal activity of the peptides was compared to Spinosad (positive control) and neat dimethyl sulfoxide DMSO

(negative control). There were six replicates per treatment. 1pl of each treatment was injected per larva.

Cycloaspeptid& 5 and4-fluoro phenylalanineCycloaspeptid& weresolubilisedin DMSO at 10 mg ml. Spinosadvas

solubilised in DMSO at 0.19 mmgl.

Visual assessments of mortality were made at 1, 2, 3 and 7 days after injection for each treatment.

Genome Sequencing and Bioinformatics

Genomesequencewereobtainedor both Penicilliumstrainsusinglllumina MiSeqwith a 600-cycle (2x300bp) kit, and
assembled and annotated using Newbler v29. The statistics for the two resulting genome sequences are shown in Table

S2.

Table S2: Genome statistics

Penicillium jamesonlandense Penicillium soppii
Estimated Genome Size 38.1 Mbp 33.4 Mbp
Number of Scaffolds 235 300
Largest Scaffold 3,085,890 1,305,324
Scaffold N50 1,142,055 451,138
Total Scaffold Length 35.8 Mbp 32.6 Mbp
Number of Contigs 697 687
Largest Contig 1,181,107 788,536
Contig N50 376,897 276,214
Total Contig Length 35.8 Mbp 32.7 Mbp

Mapping-rate 94.0 % 97.5%




An initial AntiSMASH?® analysiswasconductecbn bothgenomedo identify putativesecondarynetabolitegeneclusters

(Table S3).

Table S3: The number of gene clusters of different types within the genonmfessafppiiandP. jamesonlandensas
analysed by antiSMASH.

CLUSTER TYPE P. SOPPII P.
JAMESONLANDENSE

NRPS 20 17

PKS 16 13
PKSNRPS 6 6
Terpene 4 2
TerpenePKSNRPS 1 0
TerpeneNRPS 0 1

Other 17 14

Putative 18 30

Total 82 83

Identification of homologues to known clusters

In addition to searching the genomes Rf soppiiand P. jamesonlandenséor putative cycloaspeptide clusters,
homologues to the clusters known to be involved in other compounds were searched for, including the pseurotin A,

fumagillin, griseofulvin and kojic acid clusters.

Thiswasdoneby blastingour genomicdatabasefor homologuego biosyntheticgenegreviouslyreportedandavailable
through NCBI. The results of those blast searches were-@fsenced with the antiSMASH predictions for each
genomeandputativegeneclusterswerethenfully annotated iirtemisusingFGENESHpredictionsandmanualediting

based on alignments with known homologues (Fig8#sS6).
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Figure S4: The pseurotin and fumagillin superclusters identified within the genonfessofppiiandP. jamesonlandensdhese clusters ahhomologous to the gene
cluster identified inA. fumigatu in both gene content and gene organisation.
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Figure S5: Homologues for the griseofulvin gene cluster frBemicillium aethiopicurfwere identified within
the genomes dP. soppiiandP. jamesonlandens@he P. jamesonlandensgene cluster is lacking homologues
to GsfK a dehydrogenase encoding gene, &sfR2 a transcription activateencoding gene. We have not
observed Griseofulvin production in this strain so it issifle that this cluster is no longer functional.
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Figure S6: A putative kojic acid gene cluster was identified within the genom®.o$oppij but notP.
jamesonlandenseHomologues to the known Kojic acid genes Af oryzae KojT, KojR and KojA2 were
identified. In addition,two genes whicimaybeinvolvedin secondarynetabolitebiosynthesisanisomerasand
dehydrogenase, were identifiadjacent.



Identification and analysis of the cycloaspeptide gene cluster

Thedomainstructuresf all NRPSencodinggenesn thetwo Penicilliumgenomes weranalysedisinglnterPro
(EMBL) (TableS4).ThisidentifiedoneNRPS(NRPS1) asbeingcommornto bothspeciesandhavingthe correct

number of modules for producing a pentapeptidguf&S7).

Table S4: Domains present in predicted NRPSs encoded by genes within the genoResopbpii and P.
jamesonlandensé total of 11 NRPS genes, present in 8 separate gene clusters, were common to both species.
A: Adenylation domainC: Condensation domaifRCP: Phosphopantetheine attachment di®: an NRPS

domain (domain TIGR01720) though to be involved in fmmstdensation modificationTE: Termination
thioesterase domain.

GENE CLUSTER DOMAINS
NRPS1 P. soppii P. james. A PCP C NR TE
NRPS2 CI5 Cl11 3 3 4 1
NRPS3 Cl13 Cl15 2 2 2

NRPS4 Cl20 Cl49 4 5 6 2
NRPS5 CI31 Claa 1 1 - 1
NRPS6 2 2 1 1
NRPS7 2 2 2

NRPSS8 Cl62 Cl48 2 2 2

NRPS9 Cle7 Cla7 3 5 6

NRPS10 Cl68 Cle1 3 3 2 1
NRPS11 ClI82 Cl10 5 5 5

NRPS12 Cl14 - 2 2 2

NRPS13 1 1 1

NRPS14 Cl21 - 1 2 2

NRPS15 Cl24 - 2 2 2

NRPS16 Cl27 - 4 4 5 1
NRPS17 CI36 - 2 2 2

NRPS18 CI56 - 4 4 6 1
NRPS19 CI59 - 4 4 5 1
NRPS20 CI73 - 2 2 2

NRPS21 Cl76 - 4 4 5 1




NRPS22 Cl78 - 3 3 3

NRPS23 CI80 = 1 3 3

NRPS24 Cig1 - 3 3 3

NRPS25 = Cl7 4 4 6 1
NRPS26 - Cl22 4 5 6 1
NRPS27 = CI35 7 8 8

NRPS28 - CI58 2 3 2

NRPS29 = Cle5 2 2 2

NRPS30 - Cl66 2 2 2

NRPS31 = CI79 1 1 1

NRPS32 - Cl82 3 3 3 1
NRPS33 = CI83 1 1 1
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@ Phosphopantetheine binding domain
s Condensation domain

Figure S7: The predicted domain architecture of NRPS11, as analysed using |Atd@iflsoNRPS is present in
boththeP. jamesonlandensandP. soppiigenomesnamedPjcyB andPscyBrespectiely, andis responsibldor
cycloaspeptiddiosynthesis.

The putative gene clusters containlBPS11from both species were annotated using Softberry to predict the
intron and exon positions for coding sequences. This annotation was then manually adjusted using discretion,
based on alignments with homologues identified during blast searches. Putativeumgeians were then

investigated using BLAST and InterPro.

The antiSMASH predicted gene cluster forsoppiicontained only two genes, a putatiNenethyltransferase
encoding gene (namdescyA andNRPS11(PscyB. The antiSMASH predicted cluster fBr jamesonlandense
was significantly larger, containing homologued?sryAandPscyB(namedPjcyAandPjcyB respectively) and
encoding a putative amidasej€yC), a transcription factorRjcyD), an amino acid transportePj€yF) and an
aminotransferaseP{cyG) (Figure S8). Searching the soppiigenome for homologues to these additional genes
identifiedthemall togetherputatadifferentgenomidocus,with agenomiccomparisorconductedisingartemis

comparisontool suggestinghat a genomicregion containing the N-methyltransferasand NRPS (PscyAand



PscyB hasundergonatranslocatioreventin P. soppiiatsomepointduringthespecieslivergenceAn additional

gene,PscyE encoding a putative dehydrogenase, was preséhtsappiibut absent ifP.jamesonlandense

A bioinformatic analysis of the genes in both species is shown in Table S5. Closest homologues were identified

using the blastp algorithm to search the Swisst protein database.

PjcyA
o
I

PscyA PscyB

PjcyG PjcyF PjcyD PjcyC
P.james Cluster 10 Gaidgaas ] R ) Baina®

P. soppii Cluster 82

PjcyG PjcyF PjcyD PjcyC PjcyA PjcyB

P. james Cluster 10 O G ) O G =3 » @ [E= ] fe——]

P B >

W G R O R el ] ] (h—
PscyG PscyF PscyE PscyD PscyC

P. soppii $c038

Figure S8: An ACT comparison of ptative cycloaspeptide biosynthetic genes present in the genonkes of
jamesonlandensandP. soppii Homologybetweerthe predictedproteinsequencef@usingthetblastxalgorithm)
is denoted by the red bars. M jamesonlandendfe 6 genes are all located at one locus?.Isoppiithey are

split over two loci.



Table S5: A bioinformatic analysis of the genes identified within the predicted cycloaspeptide gene cluBtessmbiiandP. jamesonlandens®redicted gene function is
basecdbn homologuesdentifiedduringBLAST searchesDomainswereidentified usingthe NCBI ConservedomainSearcht® Theclosesthomologuesidentified by blasting
the predicted protein sequences against the SRvissdatabase, ashown.

Gene name Predicted gene . Protein . Identity Query
(P. jamed - Gene Size  Introns . Domains Homologue E value Score
~  function Size (%) Coverage
P. soppi)
. N- Methyltransf_33: 11 04200 OAJORD
PjcyA/ PscyA methyltransferase 1153/1096 11 366/347 pfam10017 dtpB 38%/39% 2e82/2e82  94%/96%  254/254
PjcyB/ PscyB NRPS 17013/17007 0/0 5670/5668  See Figure S7 easA? 33%/33% 0.0/0.0 97%/96% 2399 /2370
. . Amidase:
PjcyG/PscyG Amidase 2079/2079 0/0 692/692 pfam01425 - - - - -
GAL4: cd00067
Transcription Fungal_trans_2:
PjcyD/ PscyD factor P 1768/1777 2/2 559/556 ustR3 26%/25% 9e44/1e46  94%/98%  164/172
pfam11951
- [/ PscyE Dehydrogenase 1687 3 491 - - - - - -
. Amino acid Aa_trans: 14 o o 2e162/2e o o
PjcyF / PscyF transporter 1416/1392 0/0 471/463 pfam01490 mtr 54%/53% 163 92%/94%  467/469
PicyC/PscyC Aminotransferase  1116/1116 ~ 0/0  371/371  Aminotran 1 2: His5!5  289%/28% 2e10/3e10  529%/52%  62/61.2

pfam00155




Construction of plasmids

All plasmids used in this work were built by yeast recombination, wBereerevisiaavas transformed with
approximately 0.5 e€g of each required DNA fragment,h6 v
linearfragmentsto bejoined.Resultingplasmidswereextractedromyeastusingt h e Z y mdepstPagmit
Miniprep 1|1 kit, according to the manufacturerds ins

One Shot TOP10 Chemically Competé&ntcolito obtain sufficient plasmid copies for downstrespplications.

pTHPs-eGFP

This plasmid is an adapted version of pTY¥&GFP, am. oryzaeplasmid provided by the group of Dr. Colin
LazaruswhichcontainsahygRcassettéconferringhygromycinresistanceastheselectablenarker,andaneGFP
cassette to function as a reporter gene. In the original plasmid, these cassettes cofitainyteeGpdA and
AmyB promoters respectively. A strategy was designed to replace these promoters with then@pdBulin
promoters fromP. soppij which were amplified from genomic DNA using primers pGgelé-/pGpdAPsR
and pTubPsF/pTubPsR respectively. A portion of the yeast shuttle vectorY#& containing the 2u Ori and
Ura3cassettdor uracil prototrophy wasalsoamplified usingprimersYeastfrag-F/Yeastfrag-F andrecombined
into the plasmid, simultaneously converting the plasmid into a ¥easidli shuttle vector and allowing the yeast

recombination to occur. pTYGSGFP was digested withitll1l, Xhol and Notl prior taecombination.



TamyB

—
HygRP8-R

pTHGS-eGFP PTHPs-eGFP
9302 bp 11047 bp

Figure S9: pTHGSeGFP, am. oryzaeplasmid, was converted for use M soppiiby replacing the promoter
regions(pgpdAandpamyB)with nativeP. soppiipromoterdpGpdA-PsandpTub-Ps).This wasachievedn one

step by introducing the required cassettes for plasmid function in yeast (Ura3 and the 2u Ori) at the same time as
swapping the promoters by yeast homologeeembination.

pTYGS-N-Met-NRPS

The large (17007 bp) NRPS encoding gé&tseyBwas amplified from genomic DNA in five overlapping
fragments of approximately 3.5 kb each using the primer pairP3&yBF and YAPscyBR, numbered 1 to 5.
These fragments were homologous recombined in yeast to reconstruct the full NRPS in tick gifagm
Simultaneously, th&l-Methyltransferas®scyAwas amplified using the primer pair YRscyAF/YA-PscyAR

from P. soppiicDNA generated under cycloaspeptide production conditions (due to the presence of an intron).
The resulting coding sequence wasombined into the muitiene expression vector pTY@8g'®so that it is
located between af. oryzagporomoter (Padh) and terminator (TenBjcyBwas then transferred into tiscyA

containing plasmid using gateway technology to produce the finalrv@dt¥GSN-Met-NRPS (Figure S10).
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Figure S10: Theconstructiorof pTYGSN-Met-NRPS.TheN-methyltransferasBscyAwastransferredyia yeast
recombination, into a multigene expression vector with arginine prototrophy called pAMzS his placed
PscyAbetweertheA. oryzeaalcoholdehydrogenageromoterpAdh) andthe A. oryzaeenolasderminator(tEno).
The NRPS gene, having been reconstructed from 5 PCR products in a yeast assembly v¥étpwasEthen
transferred into the expression vector using Gateway technology.

pTYGen-N-Met-NRPS

To adapt pTYGN-Met-NRPS for use in thE. soppiiNRPS knockout strain, the argB cassette, which confers
arginine prototrophy t@\. oryzaeNSAR1, was replaced with the nptll cassette, which confers resistance to the
antibiotic geneticin. The promoter driving expression of the NRPS was also convertatididnoryzaeAmyB
promoter to theP. soppiitubulin promoter. The nptll cassette was amplified from a geneticin plasmid using
primerspTYGenG418F andpTYGenG418R. Thetubulin promoterwasamplifiedfrom plasmidpTYPseGFP

using the primer pair pTYGehub-F/pTYGenTub-R. SnaBl was used to digest pTY®EMet-NRPS, but in
additionto cuttingwithin theregionto be modified, this enzymealsocutswithin the N-methyltransferaseassette

andthe 2u origin of replication.Therefore,a portion of the original plasmidspanningboth of theserestriction



sites was amplified using the primers ¥ScyAF and pTYGer2u-R, to act as a patch during the yeast
recombinationThesevariousfragmentgSnaBldigestedp TYGSN-Met-NRPS thegeneticincassettethetubulin
promoterandthe patchfragment)weretransformednto S.cerevisiaeandtheresultingplasmid,namedpTYGen

N-Met-NRPS was extracted from yeast and propagat&d ¢oli.

nptll cassette

pTYGS-N-Met-NRPS

pTYGen-N-Met-NRPS

28323 bp 29791 bp

Figure S11: pTYGSN-Met-NRPS aplasmidconstructedo producecycloaspeptideis A. oryzae wasconverted

for use in P. soppii, to compliment an NRPS knock strain. This was achieved by replacing the argB cassette
(for arginine prototrophy irA. oryzag, with the nptll cassette (for geneticin resistaneg)d replacing the\.
oryzaeamyB promoter with th®. soppiitubulin promoter.

LCMS data

Initial LCMS analysis using the Waters LCMS system with a Phenomenex Kinetex column allowed detection of
compoundwia theirmassandUV spectraDatafrom thisanalysidgs shownbelowfor thevariouscycloaspeptides

and the ditryptophenaline compounds (Figures S132).
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Figure S12: LCMS analysis of cycloaspeptidelAmolecular weight: 641.77) showing E&d ES+ mass data
and the UV absorbance.

1 Scan ES-
100- 627 [M-H] 7.29e4
a7
LIS
208 | 628 1044
279 1046
181 418 X
% 214 71 485 629 514 906 10401:1046 [212M54|1-gg1 1486 , 1575
oLtk Ll L Lo o o | - sbaes ERtE 15367
T 2, ; B T T T T T T T T T T
kd [M+H]* 2: Scan ES+
100+ 629 1.05€6
401
ol 181
630
383 ¥
5 543 651 +
303 376| £2 gsJ = [2'1\9st1
S 750
al AW 20851 963 1085 4460 1 1280 1484 1591
e . - - —
200 400 600 800 1000 1200 1400

3.0e-14

2.5e-1

2.0e-1

1.5e-1

1.0e-1

5.0e-2

0.0

3: Diode Array
3.962e-1

\

T ey

YT
220

AR
240

y M

| JARAE RABAJ LA LAAA) LARA] LAA) BARA ARAJ LAKES RALAN LARAL LAAAI LAMM
260 280 300 320 340 360 380 400

Figure S13: LCMS analysis of cycloaspeptideZBmolecular weight: 627.74) showirigs- and ES+ mass data
and the UV absorbance.
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Figure S14: LCMS anaysis of cycloaspeptide & (molecular weight: 627.74) showirleS- and ES+ mass data
and the UV absorbance.
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Figure S15: LCMS analysis of cycloaspeptideSEmolecular weight: 625.77) showirlgs- and ES+ mass data
and the UV absorbance.



[M-H]

2: Scan ES- 3 DlodeArray
100+ 657 7.18e¢ 200 1.231
1.14
. 221
ls58
1.0
n = ;
9.0e-14
1659 3
382398 8.0e-14
248 7 am 579 .., 648 | 671
i ol Bl | B P s 1 2 3
0 Il T I” l‘ ”i II T 'II T T T Il T T l‘ T T T T T T T I‘I 70e>1—
1: Scan ES+ g 0e-14
406 4.50e¢
100- + 3
[M+H] 5.0e-14
659 3
4.0e-14
< 30e-1:
o7 60 20e-1:
216 234 1.0e-14
174188 | 08 681 788 e
L | (249556 316 32384 |77 409 gos 540 gg1 S03654| | g3 7ap k71
cIIIIIIIIIIIIIIIIIIII‘IIIIIIZoe]|I||||]||]||l|||]||nm
150 200 250 300 350 400 450 500 550 600 650 700 750 800 200 220 240 260 @ 280 300 320 340 360 380 400

[M'H]- 1: Scan ES- 3: Diode Array
oo 645 1.62e5 \ 4.704e-1
4.0e-14
" 2 646 3
3 5e-14
1291 3.0e-14
137 400 476 550 1647714 1002 k1292 1558
L qu 381 nnN 866 \1U£ EEU_L " 1811/ E
T T T T T T T T T T T T T T
2.5e-14
[l\/'H—H]+ 2: Scan ES+ E
647 1.05e6
100 2.0e-14
144 1.5e-14
= E
a5 1.0e-1
8 [2M+H]* 5.0e.2]
385405442 552 |[E70 1294
20 251, 1] ¢ 672740 74 990 129311295 1105 4
0 rrier T T 4 o T T miz 0.0 T T T T T T T T T T T T T T T T y nm
200 400 600 800 1000 1200 1400 220 240 260 280 300 320 340 360 380 400

Figure S16: LCMS analysis of cycloaspeptide®@@molecular weight: 657.77) showing E&hd ES+ mass data
and the UV absorbance.

Figure S17: LCMS analysis of 4f€ycloaspeptide B1 (molecular weight: 645.73) showing E&d ES+ mass
data and te UV absorbance.
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Figure S18: LCMS analysis of 4f¢ycloaspeptide B2 (molecular weight: 661.75) showing E&hd ES+ mass
data and the UV absorbance.
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Figure S19: LCMS analysis of ditryptophenalir&3 (molecular weight: 692.82) showing E&d ES+ mass data
and the UV absorbance.
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Figure S20: LCMS analysis of 4luoro-ditryptophenaline24 (molecular weight: 729.3) showing the ES+ mass

dat a. There wasndt s ufdextadt analysed oaobtanr clea- 68 UW idatahfar this t he c¢r
compound using the Waters system. Higholution masses were obtained using the orbitrap to support the
identification of this compound (see next section).
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Figure S21: HPLC (DAD, 216800 nm)chromatograms comparirg. soppiicrude extracts grown in yeast
extract broth (YEB), malt extract broth (MEB) or Czapek yeast broth (CYB) for 13 days’@t\@ish 200 rpm
shaking. Cycloaspeptide Acan be clearly seen in all cultures at 17.7 minutes.



CG-l-06f 31-0ct-2013
CG-I-06f A E G (2) ELSD Signal
11.66 Range: 1
17.73 15.98
05004
- E
| !
A 0250 57 BC D H 2726
: 12.22 19,39
f 2 591]\ i 1506 F 2
D DDD T T T 1 T T T T T T T T T T T T T T T T T T T 1
250 5.00 7.80 1000 12.80 15.00 17.80 2000 22,50 25.00 27.50 30.00
CG-l-06f 3 Diode Array
1772 1ga7 Range: 2.371
2.0
> E 295 11,85
T 104 13.62 14,25 19.38 HIHh 55
E 375 gisoms 1A S 547 g
D D T T T i T T T T T T T T T T T T T T T T T T T 1
2.50 5.00 7.80 1000 12.80 15.00 17.80 20.00 22.50 25.00 27.50 30.00
CG-l-06f 2: Scan ES-
1607 BPI
1004 1178 17.70 162e5
#] 24 44 0
.70 26002640 27 77 [N
; 129237 263300 BT 5 g5 870y 21.41 Ak 2
" 250 s00 780 1000 1280 1500 1780 2000 2260 2500 27.50 30.00
CG--067 1. Scan ES+
19.05 BRI
100
18,98 542eh
=2
16.09 19.31
e e eyl ae BREL, RETD pame
0 =T T .,....‘....,..H,....,.H.,....,H..,...w....,..H,....,H..,...._...,q..‘,...f‘L,..‘.,....,H..,....‘....|T\mE
250 5.00 7.50 10.00 12.50 15.00 17.80 2000 22.50 25.00 27.50 30.00

Figure S22: HPLC analysis of the crude extract frétnsoppiigrown on MEB. From the top; ELSD, EES+
andUV spectraThemasse®f peaksA andB correspondo pseurotinA. PeakE is cycloaspeptid@ 1. Themass

of peak F corresponds to benzomalvin A. The mass of peak G corresponds to fumagillin. The accurate masses of
these peaks have been shown to correspond to the molecular formulae of these compounds (see Figure S26 and

Table S6).
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Figure S23: HPLC analysis of the crude extract forjamesonlandensgrown in MEB for 14 days. ELSD, ES
ES+ and UV (from the top). Peak A is pseurotin A. The mass of peak@&ponds to cycloaspeptide’GPeak
D is cycloaspeptid@ 1. Themassof peakC corresponds$o cycloaspeptid® 4. The massof peakE corresponds
to fumagillin. The accurate masses of these peaks have been shown to correspond to the molecular formulae of
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these compounds (see Figure S27 and Tab)e
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Figure S24: An extracted ion chromatogram for the mass of cycloaspeptitl [M-H]: 641.7), comparing.
soppiiwild-type (top trace) and six transcription factor knack lines DPscyD grown on MEA. A reduction or
total loss of cycloaspeptide production is seen in all transformants.

High-Resolution Accurate Mass data

Variouscrudeextractsvereanalysedisingan OrbitrapElite system(ThermoScientific)to obtainhigh-resolution

massspec data and the resulting predidi@unulae.
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Figure S25: Orbitrapmassspectrunof P. soppiicrudeextract,grownin MEB for 2 weeksat 25°C with 200rpm
shaking. The MS data for this spectrum is shown in T8ble



Table S6: Summaryof the mainpeaksdetectedythe Waters C-MS systemandUPLC-OrbitrapMassAnalyser

from aP. soppiiMEB crude extract (2 weeks at 26 with 200 rpnshaking)

P. soppiiextract

HPLC- UPLC-Orbitrap
MS/UV/ELSD
peak RT ES+ ES- UV (nm) ELSD RT ES+ Formula Suggested
(min) (min) Compound
A 11.7 432 430 258, 385 VVV 7.0 4541470  CaoH1906N7 pseurotin A
B 12.2 432 430 258, 385 \% 7.4 4541470  Ca0oH1906N7 pseurotin A
C 125 316 314 258 \% -
290
D 15.1 405 381 - - -
E 17.7 642 640 258, VVV 120 642.3288 CseH4306Ns cycloaspeptide A
307
F 17.9 382, - 300 \Y 11.1  382.1503  Cz7H3903N9 benzomalvin A
404
G 19.0 458, - 300 VVV fumagillin
481
H 19.4 458, - 300 \Y
481
| 10.1  658.3243  CseH4307Ns  cycloaspeptide G
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Figure S26: Orbitrap mass spectrum Bf jamesonlandensgude extract, grown in MEB for 2 weeks at’®
with 200 rpm shaking. The MS data for this spectrum is shown in Table S7.

Table S7: Summaryf themainpeaksletectedythe WatersLC-MS systemandUPLC-OrbitrapMassAnalyser

from aP. jamesonlandenddEB crude extract (2 weeks at 1@ with 200 rpnshaking)

P. jamesonlandensextract

HPLC- UPLC-Orbitrap
MS/UV/ELSD
peak RT ES+ ES- UV (nm) ELSD RT ES+ Formula Suggested
(min) (min) Compound
A 11.6 432 430 258, 385 VVYV 7.1 4541470 CazoH1908N7 pseurotin A
B 15.2 658 656 255, 290 \Y 10.14 658.3243 CseHasO7Ns  cycloaspeptide G
C 16.3 628 626 255, 300 \% 10.97 628.3131 CssH410eN10  cycloaspeptide D
D 17.7 642 640 258,307 VVV 12,02 642.3288 CseH430sNs cycloaspeptide A
E 18.9 460 458 337, 352 \% fumagillin
F 15.1 626.3335 Cs6H430sNs  cycloaspeptide E




A. flavus

Crude extracts from variousspergillus flavusultures were analysed using the orbitrap system to obtain high
resolution mass data. A compound with the exact mass of 693.31843 was detected intypeveildtures and

the DdtpB cultures fed withN-methylated phenylalanine, but absent from the cudtdesl with 4fluoro-
phenylalanineA compoundwith theexactmassof 729.29999vasuniquelydetectedn all threeculturesfed with
4-fluoro-phenylalanine. These two accurate masses correspond to the chemical formta®dlsO, and
CaHsoFNeOs respectively, which are the formulae for the protonated molecular ions ([WM+éf]

ditryptophenaline and 4#Hitryptophenaline.



Isolated compounds

General Experimental

NMR experimentsvereconducteanthefollowing spectrometers/arian400-MR Varian(*H NMR at400MHz

and**C NMR at 100MHz), VarianVNMR S500spectrometer(*H NMR at500MHz, °F NMR at470MHz and

13C NMR at 125 MHz) and Bruker Advance Il HD Cri#C-probe, {H NMR at 500 MHz and®C NMR at 125
MHz). Chemical shifts we recorded in parts per million (ppm referenced to the appropriate residual solvent
peak) and coupling constar® (n Hz, reported to the closest 0.5 Hz. Multiplicity is described by the following

abbreviations: s, singlet; d, doublet; t, triplet; g, e m,multiplets.

The mass analyser detectors used were electrospray ionization (ESI) mass spectra, recorded efhaMicrO

Bruker Daltonics mass spectrometer and Orbitrap Elite Thermo Scientific mass spectrometer.

Cycloaspeptide A 1
*m '
N
HN

Cycloaspeptide A was purified as white solid (1.3 mg); Waxnm 257, 300:H NMR (CDCk, 500 MHz)

Table S8; *C NMR (CDCls, 125 MHz) Uc 173.70,169.90,169.69,168.21,168.15,154.58, 141.75,137.77,
134.44, 130.80, 130.48, 129.52, 129.31, 127.37,127.01, 122.42, 121.09, 115.78, 115.25, 77.41,1&/.36,
76.91,70.04,63.46,48.89,44.13,41.40,34.17,32.23,30.22,29.86,25.00,23.43,22.12,16.56; HRMS m/z

calculated for @sH43NsOs 641.32134; observed m/z 642.32999.



Table S8: *H NMR data for purified cycloaspeptidelAcompared to the published dta
H NMR of the Purified Compound !H NMR Literature

Residue Position a/ppm J/ Hz a/ppm J/Hz
Ala NH 6.59 (1H) d7.0 6.96 (1H) d 6.96
CHy 4.41 (1H) m 4.41 (1H) m
CHs 0.42 (3H) d6.5 0.40 (3H) d6.6
Phe NCH;z 2.88 (3H) s 2.87 (3H) s
CHy 5.20 (1H) dd 3.0, 12.0 5.21 (AH) dd 3.4, 11.7
CHp 2.95 (1H) dd 12.0, 14.5 2.96 (1H) dd 12.2, 13
3.48 (1H) dd 4.4, 145 3.48 (1H) dd 4, 14.2
C2C6 7.17 (2H) m 7.17 (2H) d8.2
C3C5 7.32 (2H) m 7.33 (2H) m
c4 7.26 (1H) m 7.26 (1H) m
Leu NH 7.13 (1H) d8.5 7.30 (1H) d7.8
CHy 4.72 (1H) m 4.72 (1H) ddd 8, 8,8
CHs 1.36 (1H) m 1.36 (1H) ddd 5.5, 8, 13
1.86 (1H) ddd 5.5,8.0,14.0  1.86 (1H) ddd 5.5, 8.5, 13
CH, 1.67 (1H) m 1.67 (1H) m
CHs 1.02 (3H) d6.5 0.98 (3H) d6.4
Tyr NCHs 2.73 (3H) S 2.69 (3H) s
CHy 3.80 (1H) dd 4.0, 14.0 3.80 (1H) dd 4,11.3
CHe 3.37 (1H) dd 11.0, 14.0 3.35 (1HO dd 11.3,14.2
3.49 (1H) dd 4.0, 14.0 3.48 (1H) dd 4, 14.2
C2C6 7.04 (2H) d 8.0 6.98 (2H) d8.6
C3C5 6.79 (2H) d 8.0 6.79 (2H) d8.6
ABA NH 12.01 (1H) s 12 (1H) s
c3 7.42 (1H) d8.5 7.44 (1H) d7.8
c4 7.00 (1H) t8.0 6.96 (1H) t7.8
C5 7.49 (1H) t8.5 7.46 (1H) 8.6
C6 8.92 (1H) d 8.0 8.83 (1H) d8.6
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Figure S27: Proton NMR spectra for cycloaspeptidel Apurified fromP. soppii

Cycloaspeptide E 5

P. s o p p istiain wag grawy ik CYB (10 x100 mL flasks), fed witkmethylphenylalanine (100 mg) and
extracted after 14 days. The crude extract was purified using preparative HPLCMethad 1to obtain

cycloaspeptide B as a white solid (1.3 mg@nax/ nm 257, 300{i (CDCl;, 500 MHz) Error! Reference source
ot found.;lc (CDCls, 125 MHz)Table S9; m/z(ESI) 626.5862 [M+H] (CzsH44Ns0s requires 626.3264). Data in

accordance with the literatute



Table S9: NMR data for cycloaspeptide & isolated fronP. soppiistrain NM-KO4 (DPscyH fed with N-methyt
L-phenylalanine, compared to the literature d&aq MHz anc®126 MHz, CDC}).18

Isolated Literature
Residue  Position  {ic/ ppm @/ ppm (J in Hz) tc/ ppm U/ ppm (J in Hz)
Ala NH 6.77 (1H, dJ 7.0) 6.60 (1H, dJ= 7.0 Hz)
Co 441 4.41 (1H, m) 44.4 4.41 (1H, dq) = 7.0, 6.6 Hz)
Co 165 0.41 (3H, dJ7.0) 16.8 0.43 (3H, dJ = 6.6 Hz)
CcoO 173.9 - 173.9
N-Me 30.3 2.87 (3H, s) 30.4 2.89 (3H, s)
Cu 63.5 5.20 (1H, ddJJ 12.0, 3.0) 63.7 5.21 (1H, dd,J=11.8, 3.0 Hz)
Co 34.2 3.49 (1H, ddJ 14.0, 3.0) 34.4 3.49 (1H, ddJ = 14.3, 2.6 Hz)
2.96 (1H, ddJ 15.0, 12.0) 3.0 (1H, ddJ = 14.9, 12.3 Hz)
Phe(1) c1 1388 - 139.1
C2-5 129 7.367.28 (4H, m) 129 7.367.28 (4H, m)
C6 127 7.35 (1H, m) 127 7.35 (1H, m)
(o{0] 168.1 - 168.3
NH 7.14 (1H, m) 7.14 (1H, dJ= 8.7 Hz)
Cu 48.9 4.72 (1H, dddJ 9.0, 9.0, 6.0) 48.8 4.72 (1H, ddd,J =8.5, 8.5, 5.6 Hz)
Co 41.4 1.86 (1H, m) 41.7 1.88 (1H, m)
1.35 (1H, m) 1.38 (1H, m)
Leu G 25.0 1.69 (1H, m) 25.2 1.71 (1H, m)
Cu 23.4 1.01 (3H, dJ 6.0) 23.7 1.02 (3H, dJ=6.7 Hz)
Co 22.1 1.00 (3H, d,J 6.0) 22.4 1.01 (3H, dJ = 6.7 Hz)
CcO 170.0 - 170.2
N-Me 39.2 2.68 (3H, s) 39.5 2.70 (3H, 5)
Co 70.0 3.86 (1H, dd,) 11.0, 4.0) 70.0 3.87 (1H, ddJ=10.8, 3.7 Hz)
Co 33.2 3.59 (1H, dd,JJ 14.0, 4.0) 334 3.62 (1H, dd,)=13.8, 4.1 Hz)
3.47 (1H, ddJ 14.0, 11.0) 3.47 (1H, ddJ=14.3, 11.3 Hz)
Phe(2) c1 137.7 - 138.1
c25 129 7.367.28 (4H, m) 129 7.367.28 (4H, m)




C6 127 7.35 (1H, m) 127 7.35 (1H, m)
co 170.0 - 171.0
NH 12.03 (1H, s) 12.03 (1H, s)
c1 115.3 - 115.4

ABA c2 141.7 142
c3 121.1 8.92 (1H, dJ9.0) 121.4 8.95 (1H, dJ =8.7 Hz)
c4 134.5 7.51 (1H, m) 134.7 7.51 (1H, dd,J =8.7, 8.2 Hz)
C5 1225 7.02 (1H, dd,) 8.0, 8.0) 1227 7.02 (1H, dd,J =8.2, 8.2 Hz)
[ 127.0 7.45 (1H, d,) 8.0) 1272 7.45 (1H, dJ=8.2 Hz)
co 169.7 170.0




4F-cycloaspeptide E 22

Molecular Weight: 197.21

WAL
HN
0 o
b A
HO P. soppii ApscyA NH
e —— NH
20 F

P. S 0 p p istrain yas grown A CYB (5 x100 mL), fed with-fluoro-N-methylphenylalanin0 (5 mM
final concentrationandextractedafter 14 days.Thecrudeextractwaspurified by preparativeHPLC usingMethod
1 to obtain 4Fcycloaspeptide B2 as a white solid (1.3 mg@max/ nm 257, 300{i (CDCls, 500 MHz) Table
S10; Uc (CDCl;, 125 MHz) Table S10; U (CDCl, 470 MHz) Table S10; m/z (ESI) 684.2948 [M+Nd]

(C36H41F2N5N a require3684.2968).

Table S10: NMR data for 4Fcycloaspeptide B2 (3500 MHz,?126 MHz and470 MHz, CDCY}).

4F-cycloaspeptide 12

Residue Position tic/ppm (3 / Hz) U2 ppm (J / Hz) e ppm (3 / Hz)

Ala NH - -
Co 440 4.43 (1H, m) -
Co 16.7 0.53 3H, dJ7.0) -
CcO 173.9 - -
N-Me 30.3 2.86 (3H, s) -
Cu 63.4 5.17 (1H, ddJ 12.0, 3.0) -
Co 34 3.47 (1H, ddJ 15.0, 3.0) -
2.94 (1H, ddJ 15.0, 12.0) -
F-Phe(1) c1 132.4 (dJ = 3 H2) : -
C2-6 130.8 (dJ =8 Hz) 7.14 (2H, m) -
C35 115.8 (d,) = 21 Hz) 7.02 (2H, m) -
C4-F 162.0 (dJ =245 Hz) - R

F1 - - -115.96 (ttJ =5, 8)




Cco 168.0 - -
NH - 7.21 (1H, m) -
Cu 48.9 4.72 (1H, dddJ 9.0, 9.0, 6.0) -
Co 41.4 1.84 (1H, m) -
1.35 (1H, m) -
Leu Co 25.0 1.65 (1H, m) -
Cu 23.4 1.00 (3H, dJ3.0) -
Co 221 0.99 (3H, dJ3.0) -
CcoO 170.0 - -
N-Me 39.3 2.74 (3H, s) -
Co 69.9 3.82 (1H, ddJ 11.0, 4.0) -
Co 324 3.57 (1H, dd,J 14.0, 4.0) -
3.43 (1H, m) -
F-Phe(2) C1 134.5 (dJ =3 Hz) - -
C2-6 131.0 (dJ = 8 Hz) 7.14 (2H, m) -
C35 116.2 (dJ = 21 Hz) 7.02 (2H, m) -
C4-F 162.2 (d,J = 246 Hz) - -
F2 ; - -115.2 (tt,J=5, 9)
CO 169.8 - -
NH - 12.01 (1H, s) -
C1 115.4 - -
ABA C2 141.6 - -
C3 121.0 8.90 (1H, dJ9.0) -
c4 134.4 7.42 (1H, m) -
C5 122.5 7.02 (1H, dd, 8.0, 8.0) -
cé 127.2 7.45 (1H, dJ 8.0) -
CcoO 169.8 - -
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Figure S28: Proton NMR spectra for cycloaspeptidé Fourified fromP. soppiistrain NM-KO4 (DPscyB fed
with N-methytL-phenylalanine8 (bottom trace), compared to 4fycloaspeptide 22, purified fromP. soppii

strain NM-KO4 (DPscyH fed with synthesised 4R-methytphenylalaniné2 (top trace).
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Figure S29: Carbon NMR spectra for cycloaspeptid®,Burified fromP. soppiistrain NMKO4 (DPscyH fed
with N-methytL-phenylalanine8 (bottom trace)compared to 4f€ycloaspeptide R2, purified fromP. soppii

strain NM-KO4 (DPscyH fed with synthesised 4R-methytphenylalanine?2 (top trace).
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Figure S30: Fluorine NMR spectra for 4Eycloaspeptide B2, purified fromP. soppiistrain NM-KO4 (DPscyh

fed with synthesised 4R-methylphenylalanine?2.

Pseurotin A 25

Pseurotin A25 was purified as a white solid (4.3 mg); Waxnm 307;*H NMR (CDCk, 500 MHz) (Table S11).

HRMS m/z calculated for £H2sNOg431.1580; observed m/z 432.1658.



Table S11: *H-NMR data of the purified pseurotin 26 compared to the literature data after #®Qvash (500
MHz in CDCk).%®

H NMR purified compound !H NMR Literature*
Position 4/ ppm J/ Hz) U/ ppm J/Hz
9 4.69 (1H) s 4.70 (1H) s
10 4.58 (1H) d (4.5) 4.59 (1H) d (4.4)
11 4.74 (1H) dd (4.5, 9.0) 4.75 (1H) dd (4.4, 9.0)
12 5.38 (1H) dd (9.0, 12.0) 5.28 (1H) dd (9.0, 11.0)
13 5.68 (1H) dt (12.0, 8.0) 5.60 (1H) dt (11.0, 7.6)
14 2.082.25 (2H) m 2.052.24 (2H) m
15 1.02 (3H) t(7.5) 0.99 (3H) t(7.6)
16 1.72 (3H) s 1.68 (3H) s
19/23 8.32 (2H) d (7.5) 8.32 (2H) d (7.3)
20/22 7.50 (2H) t(7.5) 7.49 (2H) t(7.3)
21 7.66 (1H) t(7.5) 7.65 (1H) t(7.3)
8-OMe 3.39 (3H) s 3.44 (3H) s
|
D,0
~CHOH ( l-lC)H.O_.Hc;jg)H (10) T

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

Figure S31: *H NMR spectra for pseurotin 25, purified fromP. soppii



Synthesis of Amino Acids

General Experimental

All commercially available compounds were used without further purification, with the exception of
diisopropylamine (dislied from CaH). All moisture or air sensitive reactions were carried out in flaned
glasswareinderapositivepressuref nitrogenusingsyringe/septéechniquesAnhydroussolventsvereobtained

by passing through a modified Grubbs system of alumdhamns, manufactured by Anhydrdtisgineering.

Reactions were routinely monitored by thin layer chromatography on aluminium backed silica plates (Merck DC
Al ufolien Keiselgel 60 F254) . n264 reng orithoongh steansgitu nd e r U\
potassium permanganate solution (5%) with subsequent heating. Flash column chromatography was performed

using silica gel (4863 micron, obtained from Sigma Aldrich) as the stationary phase.

H, %F and®C NMR spectra were recorded using either a Jeol ECS300, Jeol ECS400 or VarisiR 400
spectrometer. The chemical shifts (0) are reported i
solvent peak. Coupling constan are measured in Herf#z). COSY, HSQC and HMBC were routinely used

to define the peaks dH and*C NMR spectralH NMR is reported in the format: chemical shift (ppm),
integration, multiplicity (s=singlet, d=doublet, t =triplet, g=quartet, m=multiplet, br=broad), coupimgiant,

assignment.

Optical rotations were recorded using Bellingham and Stanley ADP220 polarimeter, irradiating with sodium D
l i ne ( a=5 89atues)are guotdd irf ubifs 1@eg cn g. Infrared spectra were recorded on a Perkin
Elmer Spectrum Wo spectrometer as solids or as a thin filn

wavenumber units (ch).

Electrospray (ESI) mass spectra were recorded on a VG Analytical Quattro mass spectrometer.

(x)-N-(tert-butoxycarbonyl)-N-methyl-p-fluorophenylalanine S2

@] Elioc:

O Boc 1) LIN(Pr); o N
HOJ\/N\ 2) 4-F-benzyl bromldi

THF

S1 S2



To diisopropylamine (2.5 mL, 17.4 mmol, 3.3 equiv.) in THF (10 mL)1&t2C was addea-BuLi (1.45M in
hexane, 11.0 mL, 15.8 mmol, 3 equiv.) and the mixture stirretb&C for 30 minutes, then allowed to warm to

0 °C.N-Boc sarcosin&1 (1.01 g, 5.3 mmol, 1 equiv.) was dissolved in THF (15 mL), and addd® &€ tothe
stirred LDA solution under nitrogen. After 1 h, the reaction mixture was cooled0t6C and 4fluorobenzyl
bromide(1.6 mL, 13.0mmol, 2.5equiv.)addeddropwise.Thereactionmixturewasstirredfor 3 h, thenquenched

with saturatechqueousammoniumchloride(10 mL). Thereactionmixture wasacidifiedto pH 2 with HCI (1 M),

and extractedavith ethyl acetate (2 x 50 mL). The extract was dried with magnesium sulfate, and concémtrated
vacuo to yield an orange oil. The crude material was purified by column chromatography using ethyl
acetate/petrol/acetic acid (B%% ethyl acetate, 1% aceticid) to yield acids2 (1.17 g, 74%) as an off white
solid; Ui(400MHz, CDCl): 7.16(2H, m, Ar-H), 6.99(2H, m, Ar-H), 4.81(0.5H,dd,J 11.0,5.0,2-H), 4.55(0.5H,
dd,J11.0,4.0,2-H), 3.28(1H, m, 3-H) and3.04(1H, m, 3-H), 2.74(1.5H,s,N-CHs), 2.69(1.5H,s,N-CHs), 1.38
(4.5H,s,'Bu) 1.33(4.5H,s,'Bu); Ux(283MHz, CDCls): -116.1(m, Ar-F),-116.3(m, Ar-F); Uc(101MHz, CDCly):

175.8, 163.1, 160.6, 156.4, 155.2, 133.3, 133.0, 130.6, 130.5, 130.4, 115.6, 115.5, 115.4, 115.3, &lL.®,80.9,
60.4,34.6,34.1,32.7,28.4,28.3; 3max (film) 2978,1682,1510,1392,1368,1222,1158;HRMS (ESI) calc for

CisHooFNNaQ [M+Na]* 320.1269, found 320.1265.

(x)-N-(tert-butoxycarbonyl)-N-methyl-m-fluorophenylalanine S3

‘ O Boc
1) LIN(Pr), q
O BoC )3 F.benzyl bromide HO A
HOJ\/ N~ = F
THF
s1 s3

(£)-N-(tert-butoxycarbonyBN-methytm-fluorophenylalanineés3 was prepared similarly frorN-Boc sarcosine

S1 (500 mg, 2.64 mmol) and 3luorobenzyl bromide (1.3 mL, 10.6 mmol, 4 equiv.), yielding the product as a
white solid (397mg,5 1 %)(40@ MHz, CDCE): 9.95 (1H, s, COOH), 7.26 (1H, m, At), 7.026.87 (3H, m,
Ar-H), 4.84 (0.5H, ddJ 11.0, 5.0, 2H), 4.63 (0.5H, ddj 11.0, 4.0, 2H), 3.32 (1H, m, &), 3.00 (1H, m3-H),
2.76(1.5H,s,N-CHs), 2.70(1.5H,s,N-CHs), 1.40(4.5H,s,'Bu) 1.35(4.5H, s,'Bu); Ug(283MHz, CDCly): -113.1

(m, Ar-F), -113.3(m, Ar-F); lic(101MHz, CDCly): 176.2,176.1,164.2,161.7,156.3,155.1,140.0,139.9,139.8,
130.2,130.2,130.1,130.0,124.9,124.7,116.1,115.9,114.0,113.8,113.8,113.6,81.1,80.9,61.2,60.4,35.1,
34.6,33.0,32.6,28.3,28.3; 3max (film) 2972,1713,1689,1585,1486,1400,1249,1140;HRMS (ESI) calc for

CisH20FNNaQ [M+Na]* 320.1269, found 320.1267.



(x)-N-(tert-butoxycarbonyl)-N-methyl-o-fluorophenylalanine S4

| 0] Boc
1) LIN(Pr), N
j\/ Boc  2) 2-F-benzyl bromide 1O
N £ ol
HO A
THF
F
o1 s4

(2)-N-(tert-butoxycarbonyBN-methylo-fluorophenylalanin&4 waspreparedimilarly from N-Boc sarcosiné&1
(500mg, 2.64mmol) and2-fluorobenzylbromide(1.3mL, 10.6mmol), yielding the productasa white solid (504
mg, 64499 MHgZ, CDC}): 10.80 (1H, s, COOH), 7.25.13 (2H, m, ArH), 7.096.98 (2H, m, ArH), 4.89
(0.4H,dd,J11.0,5.0,2-H), 4.70(0.6H, dd,J 11.0,4.0,2-H), 3.34(1H, m, 3-H), 3.24(0.4H, m, 3-H), 3.07(0.6H,
m, 3-H), 2.76 (1.5H, s, N-CHs), 2.71(1.5H, s, N-CH3), 1.37 (4.5H, s, 'Bu) 1.32 (4.5H, s, 'Bu); Ug(283 MHz,
CDClg): -118.1(m, Ar-F); lic(101 MHz, CDCls): 176.4,162.7,160.3,156.1,155.1,131.7,131.4,128.8,128.8,
128.7,128.6,124.6,124.5,124.4,124.3,124.2,115.5,115.4,115.3,115.2,81.0,80.7,60.2,33.4,32.9,29.2,28.3,
28.2; 3max (film) 2970,1714,1693,1587,1396,1234,1156, 908, 732; HRMS (ESI) calc for CisH20FNNaQ,

[M+Na]*320.1269, found 320.1278

(x)-N-methyl-p-fluorophenylalanine 20

O ?oc @] H
N N
HO ~ CF5;COOH HO ~
DCM
F F
S2 20

ProtectecaminoacidS2 (1.00g, 3.36mmol) wasdissolvedn DCM (4 mL) andtrifluoroaceticacid(3 mL) added.
Thereactionmixturewasstirredatr.t. for 16 h, thenconcentratedh vacuq azeotropingnith toluene(3 x 10 mL).
The resulting white solid was washed with chloroform and diethyl ether, yielding amin2acd the
trifluoroacetic au400dVMHE BO)t 7.0870D3 @H, m,gArH), 6.82%35 (2H, m, ArH)
4.05(1H, t, J 6.0, 2-H), 3.11(1H, dd, J 14.0,6.0, 3-H), 3.03(1H, dd, J 14.0,6.0, 3-H), 2.52 (3H, s, N-CHa);
k(283 MHz, D,0): -75.7 (s, CRCOOH), -115.1(tt, J 9.0,5.5, Ar-F); tic(101 MHz, D;0) 170.1,163.2,160.8,
131.1,131.0, 128.9, 128.9, 115.7, 115.5, 61.7, 61.5, 33.7, 31.8334& 6ATR) 2807, 1742, 1651, 1510222,

1187, 1136, 830, 727; HRMS (ESI) calc forldisFNO, [M+H] * 198.0925, found 198.0918.



(x)-N-methyl-m-fluorophenylalanine 19

O Boc @]
| H
HO N CF3COOH HO AN
F DCM F
S3 19

Preparedsabovefrom protectecaminoacid S3 (300mg, 1.0 mmol), to yield theproducttrifluoroaceticacid salt
22as a white s o ly#0d MMHz4DB0) T$ (1H,4n7Abl), 6.796.69 (3H, m, ArH), 3.97 (1H,
J 6.0, 2-H), 3.03(1H, dd, J 14.0,6.0, 3-H), 2.96 (1H, dd, J 14.0,6.0, 3-H), 2.42(3H, s, N-CHs); Ue(283 MHz,
D;0) -75.9 (s, CRCOOH),-113.2(m, Ar-F); lic(101 MHz, CDCls): 169.9,163.6,161.8,161.4,161.2,135.5,
135.4,130.8,130.5,125.0,116.9,116.0,115.9,115.8,115.6,114.7,114.5,114.0,62.4,61.2,34.1,33.9,31.8,
31.5;3max (ATR) 3023,2809,1729,1665,1588,1437,1198,1144;HRMS (ESI) calc for CioH13FNO, [M+H]*

198.0925, found 198.0923.

(x)-N-methyl-o-fluorophenylalanine 18

@] Boc O

HO N CF,COOH HO ~

ZT

DCM

F F
sS4 18

Prepared as above from protected amino 84i¢395mg, 1.33 mmol), to yield the product trifluoroacetic acid
salt2las a whi t e s ol {460 MH2 B®) 7.m5.96 (BH7 96 )AH), 61916.80 (2H, m, ArH),
3.98 (1H, m, 2H), 3.083.01 (2H, m, 3H,), 2.47 (3H, s, NCH3) ;¢(283 MHz, DO) -75.8 (CKCOOH), -117.4
(Ar-F); Gc(101MHz, D-0O) 169.9,162.0,159.6,1316,131.4,130.2,124.6,120.1,119.9,115.5,115.2,60.8,60.6,
31.9,31.6, 28.5; 3max (ATR) 2747,1790, 1596, 1495, 1397, 1232,1182, 1100, 758; HRMS (ESI) calc for

Ci10H13FNO,; [M+H] ¥ 198.0925, found 109.0924

(x)-N-methyl-p-methylphenylalanine 15



O Boc 0]

1) LIN(Pr), N o0 H
)OJ\/EFOC 2) 2-Me-benzyl bromige HO ™~ F3COOH HO ~
HO N DCM
THF
S1 <5 »

(x)-N-(tert-butoxycarbonyhN-methylp-methylphenylalanin&€5 was prepared similarly frofl-Boc sarcosine

S1 (500 mg, 2.64 mmol) and-fuorobenzyl bromide (1.3 mL, 10.6 mmol), yielding the product as a white solid
(504 mg, 64%) which was used without purification. {&}methylp-methylphenylalanind8 was prepared as
above from protected amino ac38 (500mg, 1.70 mmol), to yield the product trifluoroacetic acid dadltas a
white solid (400MHzD,7.106(2H%,) 7.9 iz, ArH), 7.05 (2H, dJ 7.9 Hz, ArH), 3.74
(1H,t,J 6.2Hz, 2-H), 3.05(2H, d, J 6.2Hz, 3-Hy), 2.54(3H, s, N-H3), 2.18(3H, s,CHs) ¢ @26 MHz, D;0)
172.6(C=0),137.9(Ar), 131.1(Ar), 129.6(Ar-CHy), 129.3(Ar-CHy), 64.3(CH), 35.1(CHy), 31.2(N-CHs), 20.1
(CHs); 3max (ATR) 3098,3026,2930,1729,1647,1592,1513,1418,1386,1145;HRMS (ESI) calcfor C1iH1eNO;

[M+H] *194.1103, found 194.1176.

(S)-(-)-N-(tert-butoxycarbonyl)-N-methyl-p-fluorophenylalanine (S)-S2

@] Elioc O Elioc
HO SLNH NaH, Mel R HO N\
THF
F F
S5 (9)-S2

Sodium hydride (60% dispersion in mineral oil, 4.21 g, 106 mmol, 10 equiv.) was added slowly in portions over
1 h to a solution of-N-Boc-p-fluorophenylalanines5 (3001 mg, 10.6 mmol) and iodomethane (6.5 mL, 106
mmol, 10 equiv.) in THF (8 mL) at 8C. The reaction mixture was allowed to warm to room temperature and
stirredovernight.Thereactionmixture wasdiluted with diethyl ether(40 mL) andquenchedvith water(15 mL).

The layers were separated, and the aqueous layer extracted with diethyl ett8& &), acidified with 10%

citric acid solution, and extracted with ethyl acetate (3 x 60 mL). The combined organic layers were dried over
MgSQ,, and concentrateéh vacuoto yield an orange oil. The crude material was purified via column
chromatographyelutingwith 20-30% ethyl acetate/petralith 1% aceticacid, to yield L-N-Me-(4-F)-Phe(S)-S2

(3.02 g, 96%); Spectroscopic data as32r[[1]% -52 (€ 1, CHCl).



(S)-(+)-N-methyl-p-fluorophenylalanine (S)-23

0] ?oc CF,COOH
N
HO ~ DCM
F
(S)-S2

ZT

HO ~

(9)-23

Preparedsabovefrom protectecaminoacid(S)-S2 (456 mg, 1.54mmol), to yield aminoacidtrifluoroaceticacid

salt(S)-23 as a white solid (157 mg, 52%). Spectroscopic data in agreemer3ajth]32 +9.0 € 1, LMHCI).

(S)-(+)-N-ethylphenylalanine 19

O CH,CHO
NH, NaBH;CN

HO
MeOH

S6

To a suspension afphenylalaninesé (507 mg, 3.03 mmol) in methanol (6 mL) was added acetaldehyde (0.2
mL, 158 mg, 3.58 mmol, 1.2 equiv.) and sodium cyanoborohydride rfig}2.24 mmol, 0.74 equiv.) and the
reaction mixture stirred at room temperature for 18 h. The resulting white precipitate was isolated by vacuum

filtration and washed with methanol to yield pu®-K-ethylphenylalanind9 ( 3 5 9

ZT

19

mg .1 (400 Me), .

D;0) 7.35-7.27(3H, m, Ar-H), 7.257.19(2H, m, Ar-H) 4.23(1H, t, J6.5,CH), 3.29(1H, dd,J 14.5,5.5, ArCHH),

3.18(1H, dd,J 14.5,7.0, ArCHH), 3.07(2H, q, J 7.5, CHy), 1.17(3H, , J 7.5, CHa); tic(100 MHz, D;0) 170.5

(C=0), 133.4 (Ar), 129.2 (Ar), 129.0 (Ar), 127.9 (Ar), 60(€H), 42.1 (CH), 34.7 (ArCH), 10.4 (CH); []3

+25.0 €1, 2M HCI) [lit. [[1]o +33.0 € 1, 2M HCI)].2°

NMR data in accordance with literatiFe.



(S)-(-)-N-(tert-butoxycarbonyl)-N,O-dimethyltyrosine (S)-S9

O H CHsl, NaH O FTioc
N. N
HO Boc THF HO ~
OH o~
S8 (9)-S9

A solution ofN-Boc-L-TyrosineS8 (500 mg, 1.77 mmol) and methyl iodide (560 mg, 0.24 mL, 3.91 mmol) in
THF (10 mL) at ®C, sodium hydride (23fg,5.84 mmol) was added. After 1 h at© the mixture was stirred

at room temperature for 12 h. The mixture was quenched by the dropwise addition of THF/Water (1:1, 10 mL).
The solvent was removed under reduced pressure. The residue was washed with watgaf@0pentane (20

mL). The aqueous phase was acidified with citric acid (pH 2) and extracted with ethyl acetate (20 mL). The
combined extracts were washed with aqueous sodium chloride, dried over magnesium sulphate and concentrated
undervacuumto obtain pure(S)-S9 (501 mg, 91%)asa yellow oil. Uy (500MHz, CDCl3) 7.12and7.10(2H, two

d,J8.5 Ar-H), 6.83 (2H, d,J 8.5, ArH), 4.78 (0.5H, ddJ 11.0, 5.1, 2H), 4.55 (0.5H, ddJ 11.0, 4.5, 2H),3.78

(3H, s, OCHB3), 3.25 (1H, m-H), 3.01 (1H, m, &), 2.75 (1.5H, s, NCH3), 2.69 (1.5H, s, NCHs), 1.40(4.5H,

s,'Bu), 1.35(4.5H, s, 'Bu); lic(126 MHz, D,0) 176.4(C=0), 176.1(C=0), 158.6 (ArOMe), 158.5(ArOMe),

156.6 (COOBoc), 156.2 (COOBoc), 130.1 (ArH), 130.0 (Ar), 129.6 (Ar) 129.2 (Ar), 114.2 (ArH), (AH),

80.8 (OC(CHa)s), 80.7 (QC(CHs)3), 61.7 (CH), 60.9 (CH), 55.4 (OGH 34.5 (CH), 34.0 (CH,), 33.0 (NCHy),
32.7(N-CHs), 28.4(OC(CHs)3), 28.3(OC(CHa)s); [[1]2 -15.3(c 1.0, MeOH) [lit. [[1]22 -16.9(c 1.0,MeOH)] 22
D D

(S)-(+)- N,O-dimethyltyrosine 17

(@] $OC CF3;COOH @] H
N N
HO ~ DCM HO ~
O/ O/
(S)-S9 (9)-17

Preparedsabovefrom protectedaminoacid(S)-S9 (400mg, 1.30mmol), to yield aminoacidtrifluoroaceticacid
salt(S)-20as a whi t e s olwui(500MHL, BO) 7.25(2H, &) B.6sArH), 100 (2H, d,] 8.6, Ar

H), 4.11(1H, t, J6.1,2-H), 3.83(3H, s, OCH), 3.28(1H, dd, J 14.8,6.1,3-H), 3.23(1H, dd, J 14.8,6.1,3-H),



2.73 (3H, s, NCHa) ;c(12B MHz, DO) 171.3 (C=0), 158.4 (ArOMe), 130.6 (ArH), 126.1 (Ar), 114.5 (ArH),
62.9 (CH), 55.3 (OMe), 34.2 (GH 31.9 (NMe); ){L]24 +8.1 € 0.3, BO) [lit. []2° +7.5 € 0.3, HO)].23
D D

4-Fluoro-N-(tert-butoxycarbonyl)-N-methylphenylalanine
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4-Fluoro-N-methylphenylalanine
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3-Fluoro-N-(tert-butoxycarbonyl)-N-methylphenylalanine
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3-Fluoro-N-methylphenylalanine
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2-Fluoro-N-methylphenylalanine
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(x)-N-methyl-p-methylphenylalanine
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(S)-(+)-N-ethylphenylalanine
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(S)-(-)-N-(tert-butoxycarbonyl)-N,O-dimethyltyrosine
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H. virescens injection assay

Table S12. Percentage mortality dfeliothis virescensn days 1, 2, 3 and 7 after injection with cycloaspeptide
E 5, 4Rcycloaspeptide E, spinosad as a positive control, or DMSO as a negative control. No mortality was

observed for either of the cycloaspeptides.

% mortality (days after injection)

Treatment Rate 1 2 3 7

Cycloaspeptide E 10 ug ul (n = 6) 0 0 0 0

4F-Cycloaspeptide E 10 ug ul* (n = 6) 0 0 0 0

Spinosad (Positive 4=
control) 0.19 ug ul* (n = 6) 17 67

DMSO (Negative control) Neat DMSO (n =6) 0 0 0 0
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