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1. Strains, plasmids, and culture conditions

Escherichia coli XL1-Blue (Agilent) was used for routine cloning and pJET1.2 (Fermentas) was
used as the cloning vector. E. coli cells were grown in Luria-Bertani (LB) medium at 250 rpm
and 37°C. When necessary, 50 pg mL™* ampicillin was added. S. cerevisiae BJ5464-NpgA
(MATo ura3-52 his3-4200 leu2- Al trpl pep4.::HIS3 prbl Al1.6R canl GAL) was obtained from
Dr. Nancy Da Silva at the University of California, Irvine. The strain was maintained on YPD
(yeast extract/peptone/dextrose) agar plates at 30°C. The E. coli/S. cerevisiae shuttle vectors
pXW55 and pXWO06 were gifts from Dr. Yi Tang at the University of California, Los Angeles.
pXW55 carries the ampicillin-resistance gene and URA3 as the selection markers, and was used
to express M1-M2 linker-containing or -lacking M23 of BbBEAS and BbBSLS. pXWO06 carries
the ampicillin-resistance gene and TRP1 as the selection markers, and was used to express

M1-M2 linker-containing or -lacking M1 of BoBEAS and BbBSLS.

Beauveria bassiana ATCC 7159 was obtained from the American Type Culture Collection
and was grown in potato dextrose broth at 250 rpm and 28°C. The genomic DNA was extracted
from the mycelia of the fungus and used as the template to amplify the bbBeas and bbBsls gene

fragments.

2. DNA manipulations
Isolation of plasmid DNA from E. coli was conducted with a GeneJET™ Plasmid Miniprep Kit
(Fermentas) by following the manufacturer’s instructions. Gene ligations were performed with

T4 DNA ligase (New England Biolabs).

3. Gene amplification and plasmid construction
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The gene fragments bbBeasM1 with M1-M2 linker, bbBeas-M23 with M1-M2 linker, bbBeas-M1
without M1-M2 linker, bbBeasM23 without M1-M2 linker, bbBeasM1 with partial M1-M2 linker,
and bbBeasM23a with partial M1-M2 linker were amplified by PCR from the genomic DNA of
B. bassiana ATCC 7159 with Phusion® High-Fidelity DNA Polymerase (New England Biolabs)
with specific primers (Table S1). Similarly, bbBslsM1 with M1-M2 linker, bbBslsM23 with
M1-M2 linker, bbBsIsM1 without M1-M2 linker, bbBsIsM23 without M1-M2 linker, bbBslsM1
with partial M1-M2 linker and bbBslsM23a with partial M1-M2 linker were amplified from the
template. These gene fragments were ligated into the cloning vector pJET1.2 (Fermentas) to
yield twelve plasmids including pDY38, pDY39, pDY60, pDY61, pDY62, pDY66, pDY69,
pDY72, pDY90, pDY91, pDY94 and pDY95. These plasmids were confirmed by digestion

checks and gene sequencing.

The bbBeasM1 with M1-M2 linker and bbBeasM1 without M1-M2 linker inserts were
excised from pDY39 and pDY94 with Ndel and Pmel and ligated into pXWO06 between the same
sites to generate pDY45 and pDY99, respectively. The bbBeasM23 with M1-M2 linker and
bbBeas-M23 without M1-M2 linker inserts were excised from pDY38 and pDY91 with Spel and
Pmll and ligated into pXW55 between the same sites to yield pDY58 and pDY98. The bbBslsM1
with M1-M2 linker and bbBsIsM1 without M1-M2 linker inserts were excised from pDY69 and
pDY95 with Ndel and Pmel and ligated into pXWO06 between the same sites to generate pDY73
and pDY102. The bbBslsM23 with M1-M2 linker and bbBslsM23 without M1-M2 linker inserts
were excised from pDY72 and pDY90 with Spel and Pmll and ligated into pXW55 between the

same sites to generate pDY78 and pDY97.

The bbBsIsM23a with partial M1-M2 linker insert was excised from pDY62 with Spel and

ligated into pDY®60 at the same site to generate pDY68. Then the bbBeasM1-bbBslsM23a insert



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

was excised from pDY68 with Ndel and ligated into the pDY42 (harboring the entire bbBsls
gene) vector treated with Ndel to replace a fragment to afford pDY70. The bbBeasM23a with
partial M1-M2 linker insert was excised from pDY66 with Spel and ligated into pDY®61 at the
Nhel site to generate pDY67. The bbBslsM1-bbBeasM23a insert was then excised from pDY67
with Ndel and ligated into the pDY37 (harboring the entire bbBeas gene) vector treated with

Ndel to replace a fragment to generate pDY71.
The plasmids constructed in this work are shown in Table S2.

4. Transformation of S. cerevisiae BJ5464-NpgA and fermentation of the engineered strains

Plasmids were introduced into S. cerevisiae BJ5464-NpgA using the lithium acetate method.
Correct transformants were selected by appropriate autotrophy. The engineered S. cerevisiae
strain carrying pDY37, pDY42, pDY70 or pDY71 was fermented in a SC-Ura dropout medium
(6.7 g L™ yeast nitrogen base; 20 g L™ glucose; 0.77 g L™ -Ura DO supplement) at 30°C with
shaking at 250 rpm. When the ODggo reached 0.6, equal volume of YP medium (10 g L™ yeast
extract; 20 g L™ peptone) was added. The cultures were maintained under the same conditions
for an additional 72 h to produce the cyclooligomer depsipeptides (CODs). Strains carrying a
pXW55 derived plasmid and a pXWO06 derived plasmid were fermented in a SC-Ura-Trp dropout
medium (6.7 g L™ yeast nitrogen base; 20 g L™ glucose; 0.72 g L™ -Trp/-Ura DO supplement) at
30°C with shaking at 250 rpm until the ODgg reached 0.6, and then equal volume of YP medium
was added. The fermentation broths were cultured under the same conditions for an additional 72

h to produce the corresponding CODs.

5. Extraction and analysis of the products in the engineered S. cerevisiae strains
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A typical procedure used to analyze the products in the engineered S. cerevisiae BJ5464-NpgA
strains is given below. 100 mL of fermentation broth was centrifuged at 2,737 xg for 5 min to
separate the supernatant and the cells. The supernatant was extracted three times with 100 mL of
ethyl acetate, and the cells were extracted twice with 50 mL of methanol. The extracts were then
combined and evaporated in vacuo to dryness. The residue was re-dissolved in 500 puL of
methanol and analyzed on an Agilent 6130 Single Quad LC-MS (C18, 5 um, 4.6 mm X 250 mm
column). A linear gradient of acetonitrile-water (containing 0.1% formic acid) was programmed
from 80% to 100% over 20 min at a flow rate of 1 mL min™ and the metabolites were monitored
at 210 nm. Standard curves based on the linear relationship between the amounts and the peak
areas were established for beauvericin, beauvericin A, beauvericin B, beauvericin C and

bassianolide for quantitative measurement of their production in different engineered strains.
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Table S1 Primers used in this work. The restriction sites are in bold.

Primer

Sequence

Restriction sites

BEAS-M1-5
BEAS-M1-short-3
BEAS-M23-short-5
BEAS-M23-3
BSLS-M1-5
BSLS-M1-short-3
BSLS-M23-short-5
BSLS-M23-3
BSLS-M1-long-3
BSLS-M23-long-5
BEAS-M1-long-3
BEAS-M23-long-5
20120725BEAS-M1-3
20120725BSLS-M23a-5
20120725BSLS-M23a-3
20120725BSLS-M1-3
20120725BEAS-M23a-5
20120725BEAS-M23a-3

aaCATatggagccgctcaaaaatgt
aaGTTTAAACItcacatcacggcctgaagacgag
aaACTAGTtcttactctcaaggtcgatt
aaCACGT Gtcacaaagccgagtttagac
aaCATatggagccacccaacaacgc
aaGTTTAAACtcaaatagctgectggaggctgg
aaACTAGTtcatactcgcaaggtcgact
aaCACGT Gtcataaagacgcattcaaagcc
aaGTTTAAACtcactgttccacaggaccatccaa
aaACTAGTQggtggcagctcaatgaccgt
aaGTTTAAACItcactgctcaacgggtecgtecca
aaACTAGTagcggcgattctacgeecte
aaACTAGTgatggtcgagggcgtagaat
aaACTAGTatcccggcgctagcetttgga
aaACTAGT(gtgcatatgggatgcttgaaagt
atccaaagctagcgcecgggat
aaACTAGTttgggacggacccgttgagca
aaACTAGTttgcatatgcgtggctggata

Ndel
Pmel
Spel
Pmll
Ndel
Pmel
Spel
Pmil
Pmel
Spel
Pmel
Spel
Spel
Spel
Ndel, Spel
Nhel
Spel
Ndel, Spel
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Table S2 Plasmids constructed in this work.
Plasmid Description
pDY38 bbBeasM23 with M1-M2 linker in pJET1.2
pDY39 bbBeasM1 with M1-M2 linker in pJET1.2
pDY45 bbBeasM1 with M1-M2 linker in pXW06
pDY58 bbBeasM23 with M1-M2 linker in pXW55
pDY60 bbBeasM1 with partial M1-M2 linker in pJET1.2
pDY61 bbBsIsM1 with partial M1-M2 linker in pJET1.2
pDY62 bbBslsM23a with partial M1-M2 linker in pJET1.2
pDY66 bbBeasM23a with partial M1-M2 linker in pJET1.2
pDY67 bbBslsM1-bbBeasM23a in pJET1.2
pDY68 bbBeasM1-bbBslsM23a in pJET1.2
pDY69 bbBsIsM1 with M1-M2 linker in pJET1.2
pDY70 bbBeasM1-bbBsIsM23 in pXW55
pDY71 bbBslsM1-bbBeasM23 in pXW55
pDY72 bbBsIsM23 with M1-M2 linker in pJET1.2
pDY73 bbBsIsM1 with M1-M2 linker in pXW06
pDY78 bbBsIsM23 with M1-M2 linker in pXW55
pDY90 bbBslsM23 without M1-M2 linker in pJET1.2
pDY91 bbBeasM23 without M1-M2 linker in pJET1.2
pDY9%4 bbBeasM1 without M1-M2 linker in pJET1.2
pDY95 bbBsIsM1 without M1-M2 linker in pJET1.2
pDY97 bbBsIsM23 without M1-M2 linker in pXW55
pDY98 bbBeasM23 without M1-M2 linker in pXW55
pDY99 bbBeasM1 without M1-M2 linker in pXW06

pDY102 bbBslsM1 without M1-M2 linker in pXW06
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BbBEAS 1 EPLK-NVNTGQPCSTMPFP-VSDETVEHLNGLYEE@N|

BbBSLS 1 EPPN-NANTGQLGPTP NGTVDLPTDLSREMT

XsBSLS 1 SLNGMVGIGQHDPAMTASSVPDDAGRHHDNLRKOQ)

FeESYN 1 SLHTPSDGQQD--P KTLCEQWS

FVvBEAS 1 EYLTAVDGRQDLPPTRASEF--CSHGDSPLNSSYEQE]

BbBEAS 63  AAN SQHMHVO, ETMR

BbBSLS 59  ASD PE ATMRY]

XsBSLS 65 AVD DTO; EVMRO|

FeESYN 52  AADBKO D. ETMLH

FvBEAS 63  NALBKQS DIS L EINMNO|

BbBEAS 127 IYWSSSSSLQA. TT| LMBLEBP KQL
BbBSLS 123 MYCP-SAHLKS AT 'YNAR T Gl P RR
XsBSLS 129 QLTS---FDLKEEBMOBEA YMELEBS SIRORL
FeESYN 116 MSGP-SVDLKE Q LEBP ERQ
FvBEAS 127 MCWS-SSSSPDE S LEBMOBEKCO|
BbBEAS 191 KSEDDQL---DSLPLTPDSSGGSDSD-SBS-THKMPRAFDQ
BbBSLS 186 KDGHGRV---FSLOPTTDLTESENGD-HES-TRASERTVVI
XsBSLS 190 DGGN-——=————————————— VQYAN-GBE-IBANPQARDT
FeESYN 179 KEMKDANDEHPRQFETPDSSQATPEEDLOPNESKMEBKI POQAADM
FvBEAS 190 KHEKDTH--RPETPESSDAT-DTDSQ-SMS-VMSMSCEDNA
BbBEAS 250 SSHLTTRKEADAKIEHYMSWPAS HRI TTMEO

BbBSLS 245 PSHKR DAR YBPCPP-FI TTMERT
XsBSLS 235 PSHT DEDTQS| SYPR-L T R

FeESYN 243 LSSVYBHBDAK. SYSS-S ATBERT]
FvBEAS 249 HESDHL NBTTT. TFPL-S— S RTEAES
BbBEAS 314 MFEGQRLEMINGP GPEQS KS| DNHDMRQ
BbBSLS 307 -HEEHPLEEDGPE@S| ALNQS| E YDHDMRO
XsBSLS 298 AFKEQEHEMNSP ASDQS| HDDAMHE
FeESYN 306 LLEEQ-LMEDGP ASEQS] RO
FvBEAS 311 PFDKH-YEADGTHO QSNL GH]
BbBEAS 378 NRRSSEDAASGEMLQILOQ]

BbBSLS 370 DSRT---AGDDE@HQVLE

XsBSLS 362 DSDTP-QTPGSABMHRIVE

FeESYN 369 DGDAQP-ASTWEMLKKTE

FvBEAS 374 DGSHVN-NGINGELQQIT]

BbBEAS 442 AADDALSMKQ TRE

BbBSLS 431 -TDGSPCNMGQ APE

XsBSLS 425 -HAIDLPEGQ TQE

FeESYN 432 STDLP--ME TQEBWL
FvBEAS 437 PLDLSS-MAE TEY]

BbBEAS 506 SHEQ
BbBSLS 494 SYWS G-QQ
XsBSLS 488 GHEQ GQGQ
FeESYN 494 OH] GKEH
FvBEAS 500 S VH RAQQ)
BbBEAS 570 TTREVOOTS ODTMOAT
BbBSLS 557 TAQWIKGASHS QSKMOA
XsBSLS 552 MSOMCRETS OEHEYDTMRA’
FeESYN 558 TAQMVOBTSAT RETMOQST]
FvBEAS 564 TAQMVTETRAT RETMOKL
BbBEAS 634 EKSELTVKPHN]| I Q

BbBSLS 621 VAS--AAKPGD) I

XsBSLS 616 NPA--VK-PQD E S R

FeESYN 621 SAS--VK-AHD I I RS|

FvBEAS 627 SSL--TK-SQD| I S
BbBEAS 697 L H RRMN Y|
BbBSLS 683 H H H RONO Y|
XsBSLS 677 H] K E
FeESYN 682 H EEN L Y
FVvBEAS 688 N N SEENRMN Y|

HL
SHS
SH
SH
SH

EKATQ
ERATQ
EG

DRAVE
VSETH

S

S
S

H

H
EQ
H
P

ETSRQG]
OMTDEG]
OMADDS
OMTSSG|
OMESSG|

DANE
EPBOT)
DREBQT
DSHED.
OPHEE

D

D
Q

E

E
—HPHN.
GHRS ST
GENSDT
GBTSDT
GEINSDT]

SGIBDAS

DAS

DGENAS
SGEKCEC]

NAS

Gi
S
S

GSASQCQ
TTFEGSQ
PCDEDRL
PQ-SSEL
SA-SDDF

62
58
64
51

126
122
128
115
126

190
185
189
178
189

249
244
234
242
248

313
306
297
305
310

3717
369
361
368
373

441
430
424
431
436

505
493
487
493
499

569
556
551
557
563

633
620
615
620
626

696
682
676
681
687

760
746
740
745
751
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BbBEAS
BbBSLS
XsBSLS
FeESYN
FVvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FVvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FVvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FVvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FVvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FVvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN

761
747
741
746
752

824
811
805
810
813

888
874
869
874
877

952
936
930
934
939

1016
1000
993
993
1001

1080
1059
1054
1054
1062

1143
1116
1111
1112
1119

1207
1180
1175
1176
1183

1270
1240
1237
1238
1245

1333
1304
1300
1301
1307

1397
1368
1364
1365
1371

1460
1432
1427
1428

MG.

LD.

LG.
LG.

NSSHEASAKDA TQE
VVGHPSTEDTY| Q TQE

-KGEEEAADAY| TSMAG

---@EKNS--H ORATRE

--F@NRPSDAH HDETK.

EQQAYKKSPETMQKSKS|
ALQAQSTAP----RSSQ
SELFQNVAS---QPSAK]
SQKTHSTPS---Q0SQ.
DKQTQGAIV---QQAP

A FQ

FQ
DI
EI
KL
SE

FH
e

DQ

KE

KE|
EE|

H g

E

ETLETGPE KE| QS|
PDASAG-VTREEE DI
GSSATSTEDEHERE R
ISSGTDTYTREES TS
IPVFADTA HS QS|

RSGSSGET
RSDLPS
RLDSSNET
EFSDSSSET
TERSQSANSTS

H
KS

SGDSTPSTI
GGSS--MT

GOGS--APY]
IGTS—--LPY]|
[KGDP--LSY]

TPEFAT
S____
P____
L____
L____

N
TI
T
R

EQEQTTP
KQEQTAP
QQEQAAP
YKVETTT]
INOEQTT P

E|IIIIII

éll

823
810
804
809
812

887
873
868
873
876

951
935
929
933
938

1015
999
992
992
1000

1079
1058
1053
1053
1061

1142
1115
1110
1111
1118

1206
1179
1174
1175
1182

1269
1239
1236
1237
1244

1332
1303
1299
1300
1306

1396
1367
1363
1364
1370

1459
1431
1426
1427
1433

1523
1492
1487
1488
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FvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FVvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FVvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FVvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FVvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FVvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FvBEAS

BbBEAS
BbBSLS
XsBSLS
FeESYN
FVvBEAS

BbBEAS
BbBSLS
XsBSLS

1434 [SEEOR---{§ S5 - IEMMOMMNSANES o < HHERS ol - - VBN -+  IREDNSEe - 1§ 1494

1524
1493
1488
1489
1495

1588
1556
1551
1552
1558

1652
1620
1615
1616
1622

1716
1684
1679
1680
1686

1776
1746
1737
1735
1746

1840
1810
1800
1797
1808

1902
1872
1862
1859
1872

1966
1936
1926
1923
1936

2030
1999
1989
1986
1999

2090
2059
2048
2050
2060

2153
2123
2112
2114
2124

2217
2187
2176

LO
LO
YE
FQ
FE

ATCPBT]
ASYPBT]
AAHS
NP
SAYPES

RS

I
RS|
RS|

KS--GASAVNGSETTD--LS
EEAAGMTSLNGHEHVP--VPS
EH----RDLNGHADVV--AAS

DE-—--T---

—-IEDVQ-DSPQ

ND--—-—-SNADGFEVIEHDST

NFPPLRGAIMAH]
DYRPACGDTMAH
SKLPT-AVTMGH
GEPSP--ARMSN]|
NYPSE--TRMAH]

TPALLK-LY]
APALLK-LY|
TPALIK-QC]
APAMLK-LY]|
VTSSSQDVP

DTSBSFEI
DKNBPF
TGNBSF T
YT
DSTESEI
INGES
EGQS
DGQLMT]
EGKTHEK]
INDQTMK

GVQ
R-VE
Q-NQEGQE
RGGGEDEG
OON-EDO

EQE
KLE

EL|
YT
YT
N
Y S|

EQP
EHPO
DQPQ
DQPE|
QSS

g ) g H

AQ
AE
AE
AE
TE

DREDPQ
DREDPQ
DREDGQ

ERFDT
TDSTA

QODCL
EG-1
DG-Q)
DG-1Lj
DG-1Lj

TQD-DHST]
ADDKNDTT]
ADHDHSEN]

TI RDGH
TI TDGQ
TI LDGQ
AT HNGQI
TT] HDNRS

DO

TN
T Is

VN
T

CIAMH
Y T
H

AA--DDAVEQEATDNQ)
AEH-DDTABQEEAGDQ

P

0

T|

QDEAGNH]
EEETGNQ
KGQSANQ)

E
D

-—-KT.
——NHT] E
—--DKS| S

H
Ci
H
H

RY]

KK
OK|

KE
E
E

EE
T

GSDV.
CSDEV.
GSDTT
GSGVED]
GHDTAP

L

DS
RS
RS|
R

EK

< T

B

1587
1555
1550
1551
1557

1651
1619
1614
1615
1621

1715
1683
1678
1679
1685

1775
1745
1736
1734
1745

1839
1809
1799
1796
1807

1901
1871
1861
1858
1871

1965
1935
1925
1922
1935

2029
1998
1988
1985
1998

2089
2058
2047
2049
2059

2152
2122
2111
2113
2123

2216
2186
2175
2177
2187

2278
2248
2237
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roane 210 ol - - O B I_
FvVvBEAS 2188 TNEH HTEG--KN.

BbBEAS 2279 T DPESAA YP DD R
BbBSLS 2249 T GSDELT HPE@KMDD H
XsBSLS 2238 T GSEERVQEMY PEINDND D
FeESYN 2242 T DET--DEBMYHEEKDS D
FvBEAS 2250 E) GSLG-DEBMLPMEKDD

BbBEAS 2343 RLSAGADT] PYE DDNTGSDAPQSRLHGRSEBGAP
BbBSLS 2312 REY RLAENTKT] PYG DE-TSEDAPHA G
XsBSLS 2302 LYLBORSADAST PYS DD--NGDNARS-— G.
FeESYN 2304 LDHBRLSKDAMS TYAH DEDSKDDTKGT- ©
FVBEAS 2313 QKSEGDLEK-SSDAAI PFEI --ENQ
BbBEAS 2406 ES © SEEOMO! RHASSSQPTMRT
BbBSLS 2369 KARS L T| E YPA---EPGVRT
XsBSLS 2358 ERC ORGE EMSC YSP--AYKG
FeESYN 2361 ENR, E E FPP---SSTDRT
FvBEAS 2360 EGDS] EMS S

BbBEAS 2470 ASAT

BbBSLS 2430 MSAP

XsBSLS 2420 RPAT

FeESYN 2422 SSLT

FvBEAS 2419 GSDLET

BbBEAS 2534 RTTTMTKKKKRBORLASEPAC]

BbBSLS 2494 KAIKKVQKSARP---TAPA

XsBSLS 2484 QVVPKSEAAPHO

FeESYN 2486 RTLPKQQTAARV -

FvBEAS 2483 KVVPKOQOTAARL

BbBEAS 2598 GD VALNGGG-QAKQGSAG
BbBSLS 2555 SH TASAGGGGQDKKESAG-
XsBSLS 2542 S TTTFSGH--LGQVVSA
FeESYN 2545 QH

FVvBEAS 2542 QDRSAH
BbBEAS 2658 E KEVEEHBI
BbBSLS 2618 E SH
XsBSLS 2603 K| DY
FeESYN 2602 E RL
FvBEAS 2598 D)

BbBEAS 2721 EL-GQLEBDR--VKHT

BbBSLS 2681 SA EV-SQLESSSG-GTDI INE'SQD!

XsBSLS 2667 HBHI-TQFESYDL-TNGI P QYSSDT)

FeESYN 2664 KBES-SHSKSYEESGDDIQ DSCYGT

FVvBEAS 2661 AIABDNLVQSKENEIVGG-RE YSP E-LQETI

BbBEAS 2782 @K CDAST PDS--DCSTHRVE

BbBSLS 2743 QQCEERDV-F]| PDS—--NPHTEAT]

XsBSLS 2729 @R RNPRT] VDS--DCAKEA.

FeESYN 2727 @K EDPTT] SN--ADAETET

FvBEAS 2723 @K EDHTT] STSEPDAAGHET

BbBEAS 2844 EHED E H RIBE
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BbBSLS 2867 BSWEH D KE P QYVDHTRG SDAGSG]
XsBSLS 2855 MELEQ S SGG T EHMANSRK ESASSN]
FeESYN 2852 HSFEY| G SG. P QYAAHSREE HDTNNG]
FvBEAS 2850 BESLEH K ING! P S ES| NTP IESDDT-—
BbBEAS 2971 LEVEAARTI] T L VRS -1 N. AKD

BbBSLS 2931 TKAGDPRV! IRS -—-I N GTDN
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XsBSLS 2919 KEVGPVGTCRAS LOGSADSR--I T S KSRDMT! 2980

FeESYN 2916 QEMPASKA SE IRNSTN--| T GSQD| 2977

FvBEAS 2912 GNDATCKALES SEMLRGESNIT N S DSKD| 2975
Q L

BbBEAS 3033 S RIIDDDDDNHROQ) PAT 3096
BbBSLS 2992 -VVDAHG-NHQQ Q L PDS 3053
XsBSLS 2981 T| -CMDENP-NLRE O SDE 3042

FeESYN 2978 RVDDGNP---0Q
FVvBEAS 2976 El HIESSDY---NQ Q

KD. H
KAE] H
SREDQ OH
YVE] N
THE G

PEE 3038
PEA 3036

[CRCH RN~

BbBEAS 3097 ANNYAC
BbBSLS 3054 ARNYGC
XsBSLS 3043 TT@YGC
FeESYN 3039 LTNFS T|

3160
3117
3106
3102

O
XN L0 10O

FvBEAS 3037 ITNEFSCEHET 3100
BbBEAS 3161 BKTREFSEE S 3189
BbBSLS 3118 MDSQEEFSQEG AS 3146

XsBSLS 3107 BNRQECDDS KABRDPYISDTNPANPESSLVAPVEIPRTPTNGFAPDI 3170
FeESYN 3103 BKARBYNEA E 3131
FvBEAS 3101 BKTQEFGRK SS| 3129
BbBEAS 3190 3189
BbBSLS 3147 3146
XsBSLS 3171 SSESRIHILGVGNLGKFVAHALRKRHPQLPITLLFHRADLVSEWDAAVKAITCVTSGVSDKSTG 3234
FeESYN 3132 3131
FvBEAS 3130 3129
BbBEAS 3190 3189
BbBSLS 3147 3146
XsBSLS 3235 FDVEFLSNSTGHKTLIKHLIVATRTYMTVSAVDLVKRRLESTSSILFLONGMGKNRHRAMNDVK 3298
ESYN 3132 3131
FvBEAS 3130 3129
BbBEAS 3190 3189
BbBSLS 3147 3146
XsBSLS 3299 SRPSYWAGVCSCGVYPTSPFSIVHAGRGPIVLGRVLEEANDSPESTSAASVAQDFMIQRLLETP 3362
FeESYN 3132 3131
FvBEAS 3130 3129
BbBEAS 3190 3189
BbBSLS 3147 3146
XsBSLS 3363 DLEATLTTPNDIKEVQLOKLIVNSMINPLTVVEFRCNNGQLFGQPARLALMRTLLDEAGEIVRAI 3426
FeESYN 3132 3131
FvBEAS 3130 3129
BbBEAS 3190 3189
BbBSLS 3147 3146
XsBSLS 3427 LPQESQKSGNSQLTNENLLAAVLRVAEMTGECSSSMLQODVQAGRRTEIDHINGYLALQGKRLGL 3490
FeESYN 3132 3131
FvBEAS 3130 3129
BbBEAS 3190 3189
BbBSLS 3147 3146
XsBSLS 3491 PYSNIETLVNMVKQGRAIVNGDIQSLFKMSGIKPMDLGKVLKAGSSNGAVAAYGKR 3546
FeESYN 3132 3131
FvBEAS 3130 3129

Fig. S1  Amino acid sequence alignment of five fungal CODSs. BbBEAS: GenBank accession humber
ACI30655; BbBSLS: GenBank accession number ACR78148; XsBSLS: GenBank accession number
ABR28366; FVESYN: GenBank accession number Q00869; FVBEAS: GenBank accession number
AGC31490. The intermodular M1-M2 linker is boxed.
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BbBEAS 1087 GLELKVSDIFQNPTLARLQAVMEGDSTPSTITTPFATIPASTWDGPVEPSYS@G FLDOEDE 1150
BbBSLS 1066 GIQLKVSDIFQNPTLASLQAAIGGSS--MTVTS—----IPALALDGPVERSYS@G FLDOEE® 1123
VibH 1 LLAQKPEWORHLAYE 16

BbBEAS 1151 GHVWYLERY NI DAER LALEQRHETERT TEHENONG QIVHO KEBKIIDA 1214

BbBSLS 1124 GANWYTERY DVDEEN LALEKRHETERT TEED@DG QITHETHLDOERIINA 1187

VibH 17 HENLDTMAHS T DTTEEL HETVSEIBL SAQ---BELYWHP-ESPPEDYQODE 76

BbBEAS 1215 SS DGYBOPLEQEOTTPFDLTCEAGWR ICMGEDHH I S SEDMROE 1276

BbBSLS 1188 D- ——YMOLLKOEOTAPFNLASESEWR IRBDDDDN IV S SEDMRRE 1246

VibH 77 SI AEPBAWRQIEODLORSSTLIDAPIT YRESHSEH| T L G EQR 140
AKL

L HEDEDEL SEMisELr I8y REBFSEfloRR-00VAEHDROLBYMRK cs
L HEADLEGSANSPLPIQYRBFSMNOKQODAQVAEHERQLOYWOKOHADC SBAKL
HMOS —OTBTAREKEYOSMLEEEABML TS----HRYWODKQFWOGHER-EABDL

D 1339
D 1310

BbBEAS 1277
BbBSLS 1247

VibH 141 TEES 198

BbBEAS 1340 PRPELESGDAGSMPVERSGEREOKEHRECNVTSET PF HYRLTGMBD GT| 1403

BbBSLS 1311 HRPALESGKATEMPVTEESERY YREOEBCSTEFNST SE] HYRLTGMBDAVEGT 1374

VibH 199 TYDROES -H SYTHENSOENHLELK - IGWERD CARYLESAE| WEWL 260
RPE E

BbBEAS 1404 PEBE QCMRITVDDD-DTFEGLVRQVRRTTTEAFENED SAMLPA 1466

BbBSLS 1375 RHEBEN]| OCMRITINEDEDTFESLVRQVRSTTTAAFEHED E SAMLP- 1437
VibH 261 GS NVPGLMVNS---—-—-————————-———————————————————— L AQQTS- 290
BbBEAS 1467 GGESRDESOEPL FAMHSQENLGEFEREGEESEPVANKAYTRFDAEFHLFRTRBGLNGY 1530
BbBSLS 1438 --@SRDESONPL FARHSHKDLEGHEE SEPLONEVYTRFDAEFHFFRAPBGLEGY] 1499
VibH 291 --[EGNYEKOS-- RSEYLH---GRY opE----—————————————08--B-- - 323
BbBEAS 1531 AAELBKLETMONVVS RHGEEOPKSLISVLPETBGLKENDSMELEKEHRGLEYQRDSE 1594
BbBSLS 1500 ATELEKVETIQNVVS RHGEEHBOTLISVVPETBGL RSMELBERKK-VEYPRDSS 1562
VibH 324 EQSY] P--BES HEABCOTERKVEASESALEG IN 363
BbBEAS 1595 VDI S TMAQLDHOSNLLEAWIRRKGLPAESLVGVLSPRSEET) 1658
BbBSLS 1563 VD DTL S TMAELDHOSDLLATWLROONLPTEALVVVLAPRSEET) 1626
VibH 364 T—-—| OHEBNCHEB IBAD YPQS Q H 398

BbBEAS 1659 MRDVESDL LLG PDLELPCLELVRISDALKS 1722
BbBSLS 1627

GI N PLBPKSPMS HT
THEBG I N PLEIRSPETRMRDVESTLRERTEALLCSDEMAPDFOLPSIELVRIADALEE 1690
VibH 399 EQEL COMEOR————| ————HLAERPAATAATTSERANAS 436

Fig. S2  Amino acid sequence alignment of BbBEAS, BbBSLS and a stand-alone NRPS condensation
domain VibH (GenBank accession number AAD48879). The intermodular M1-M2 linker is boxed.
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Fig. S3 ESI-MS spectra of beauvericin (A), beauvericin A (B), beauvericin B (C), beauvericin C (D) and

bassianolide (E).



