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Supplementary Fig. 1: Synthesis, isolation, purification, and identification of tenellin. a, Core hybrid polyketide synthase-non-ribosomal peptide synthase (PKS-NRPS) of tenellin. KS (Ketosynthase), AT (Acyltransferase), DH (Dehydratase), cMT (C-methyltransferase), KR (Ketoreductase), C (Condensation domain), A (Adenylation domain), TD (Terminal Reductase domain / Thioester-reductase). b, Tenellin identification by HPLC and MS. MS data were collected in positive ion mode (inset image), and m/z were 370.1655 ([M+H]+) and 392.1467 ([M+Na]+). The asterisk indicates the tenellin peak. c, Structural formula of tenellin. d, 1H-NMR (DMSO-d6, 600 MHz) δ: 11.73 (1H,s, 1-OH), 9.54 (1H,s, 4’-OH), 8.15 (1H,s, H-6), 8.01 (1H, d, J =15.5 Hz, H-9), 7.54 (1H,d, J =15.5 Hz, H-8), 7.31 (2H,d, J =8.1 Hz, H-2’,6’), 6.80 (2H,d, J =8.1 Hz, H-3’,5’), 5.97 (1H,d, J =9.8 Hz, H-11), 1.86 (3H,s, H-16), 2.51 (1H,m, H-12), 1.28-1.42 (2H, m, H-12,13), 0.99 (3H,d, J =6.6 Hz, H-15), 0.83 (3H, t, J = 7.5Hz, H-14). e, 13C-NMR (DMSO-d6, 150 MHz) δ: 194.3 (C-7),  173.5 (C-4),  158.0 (C-2), 157.3 (C-4’), 151.4 (C-11), 150.3 (C-9), 140.5 (C-6), 133.1(C-10), 130.7 (C-2’,6’),  123.6 (C-8), 123.2 (C-1’), 115.5 (C-3’,5’), 111.3 (C-5), 106.4 (C-3), 35.1 (C-12), 29.8 (C-13), 20.3 (C-15), 12.8 (C-16), 12.1 (C-14).
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Supplementary Fig. 2: Impact of tenellin synthesis deficiency on the fungus cytoskeleton. a, Colony morphology. WT, ΔtenS, and ΔtenSCOM on CZA medium for 5 d. b, HPLC analysis of tenellin produced in different mutants. c, Effects of tenellin on actin disassembly. FITC-phalloidin-stained actin. Fungal strains were grown on PDB medium for 14 h at 26℃. d, Quantification of fluorescence intensity from Figure c. The fluorescence intensity was analyzed using ImageJ. ***, p < 0.001
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Supplementary Fig. 3: Effects of iron-chelated tenellin on the disassembly of F-actin. Rabbit muscle F-actin was treated with tenellin or iron-chelated tenellin for 15 min.
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[bookmark: OLE_LINK6]Supplementary Fig. 4: Molecular docking results of actin with tenellin in different species. a, Molecular docking of tenellin with Oryctolagus cuniculus actin (PDB ID: 1NWK). The predicted binding energy is -8.47 kcal mol-1. The magnified view shows tenellin primarily interacting with actin residues Thr303, Glu214, and Lys213. b, Molecular docking of tenellin with Saccharomyces cerevisiae actin (PDB ID: 1YAG). The predicted binding energy is -8.62 kcal mol-1. The magnified view shows tenellin interacting with actin residues Gln83, Val134, Ile136, Gly168, Ser170, Cys374, and Phe375. c, Molecular docking of tenellin with Drosophila melanogaster actin (PDB ID: 3EKS). The predicted binding energy is -7.88 kcal mol-1.
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Supplementary Fig. 5: Heterologous expression of Actin-AP proteins and ATPase activity assay with/without tenellin treatment. a, Heterologous expression of Actin-AP proteins with mutations at different sites (Actin - AP, Met16Ala, Lys18Ala, Lys213Ala, Glu214Ala, Thr303Ala, Met305Ala, and Lys336Ala) in E. coli. b, ATPase activity of BbActin-ap and its alanine mutants.
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Supplementary Fig. 6: Acquisition of lifeact mutants. a, Schematic diagram of the lifeact::eGFP fusion protein construct used for labeling actin. b, Expression of eGFP, * indicates the target mutants with red. c, Western Blot detection of lifeact-GFP content. 
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Supplementary Fig. 7: Functional characterization of the fumosorinone biosynthetic gene FumS and its impact on actin. a, Comparison of the biosynthetic gene clusters for tenellin (in B. bassiana) and fumosorinone (in I. fumosorosea), with their respective chemical structures. b, Colony morphology of I. fumosorosea WT and core biosynthetic gene fumS deletion mutant (ΔFumS) on PDA medium. c, Observe the mycelium and product phenotypes in test tube cultures. d, Conidiation for WT and ΔFumS at 10 and 25 days. e, HPLC chromatograms of metabolites from WT and ΔFumS strains (top) and mass spectrometry (MS) analysis showing the [M+H]+ ion peaks (bottom). f, Time-course confocal microscopy images of actin dynamics in BbWT:lifeact::eGFP treated with 0.2 mM fumosorinone. Scale bar= 5 μm. *, p < 0.05; ns, no significant difference.
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Supplementary Fig. 8: Actin dynamics during different developmental stages. Representative images showing Lifeact::eGFP localization in WT and ΔtenS strains during conidial germination (top row), hyphal extension (middle row), and branching (bottom row). 
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Supplementary Fig. 9: The synthesis of tenellin is induced by stress and is associated with spore production. a, Pigment production in B. bassina. B. bassina was cultured on PDA plates with/without various stressors for 7 d. b, Tenellin production (yellow bar) and relative expression of tenS (blue line) under various stressors (n=3). c, Conidiation of B. bassiana under various stress conditions. d, Stress tolerance of tenS mutant. Fungal strains were grown on CZA mediums with various stressors, including 1.5 M sorbitol (Sor), 0.8 M NaCl, 5.76 mM H2O2, and 15 mM Congo red (CR). Fungi were cultured at 26℃ for 7 d.
Supplementary Figures 10
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[bookmark: OLE_LINK10]Supplementary Fig. 10: The effects of adding exogenous tenellin on hyphal growth and spore-forming structures. The arrows indicate blastspore formation.

Supplementary Table 1
	Supplementary Table 1 | The relevant primers used in this study


	Name
	Sequence(5’ to 3’)
	Use

	Fum-LB-F
	GGGTCGAGGAAGAAGACGTGGAG
	Δfums
construction

	Fum-LB-R
	GCAGAGTGCAGGTCGTATAATG
	

	Fum-RB-F
	GTGAACCTGATCCTCGACCC
	

	Fum-RB-R
	TTGCGGATTGACTCGAGGTA
	

	Δfum-test-F
	ATGCGCATTGGACTTGAACG
	

	Δfum-test-R
	GTACCCGTCCGCTTCCTTGT
	

	PtenS-rt1
	CAACCACATTGCGCTAAAGA
	RT-qPCR


	PtenS-rt2
	TTGTCAGTTCCATCGGATCA
	

	Bbactin-rt1：
	CTTGCCGACCGTATGCAGAAGGAGA
	

	Bbactin-rt2：
	AAGGTGGATAGGGAGGCGAGAATGG
	

	EGFP-F
	GGAGACCCTCCAGTTGCTACTATGGTGAGCAAGGGCGAGGA

	Actin tag

	EGFP-R
	TCTGTCGACACTAGTGAATTCTTACTTGTACAGCTCGTCCA

	

	lifeact-F

	AGTAGCAACTGGAGGGTCTCCTTCTTCCTTTGAGATGCTTTCGAATTTCTTGATCAAATCTGCGACACCCAT

	

	lifeact-R

	ATGGGTGTCGCAGATTTGATCAAGAAATTCGAAAGCATCTCAAAGGAAGAAGGAGACCCTCCAGTTGCTACT
	

	BbLaeA-F
	GCTCTAGAATGGCGCTAAGAGATCTCAG

	BbLaeA for overexpressing


	BbLaeA-R

	GCTCTAGACTAGCGTGTCGGTCTCATCG
	

	Bbgpd-F
	CTATGACATGATTACGAATTCGTTGGGTATGCTCCGGCGCG

	Bbgpd for overexpressing

	Bbgpd-R

	TGTTATTGATTAAAAGGGTG

	

	PET-Actin-NcoI-F
	TAACTTTAAGAAGGAGATATACCATGGAGGAAGAAGTTGCTGCCCTC
	Amplification of BbActin

	PET-Actin-
his-R2
	GATGATGGCTGCTGCCCATGGCTAGTGGTGGTGGTGGTGGTG
	

	PET-Actin-
his-R1
	CTAGTGGTGGTGGTGGTGGTGGAAGCACTTGCGGTGGACA
	

	204F
	CCACCACCGAGGAGCGTGAA
	BbActin mutation at site 204

	204R
	TTCACGCTCCTCGGTGGTGG
	

	243F
	ACGAGCTTAAGGACGGTCAA
	BbActin mutation at site 243

	243R
	TTGACCGTCCTTAAGCTCGT
	

	16F
	AATGGTTCCGGCGCTTGCAAGGCCG
	BbActin mutation at site 16

	16R
	CGGCCTTGCAAGCGCCGGAACCATT
	

	18F
	GCATGTGCGCTGCCGGTTTC
	BbActin mutation at site 18

	18R
	GAAACCGGCAGCGCACATGC
	

	213F
	GTGACATCGCTGAGAAGCTC
	BbActin mutation at site 213

	213R
	GAGCTTCTCAGCGATGTCAC
	

	214F
	GACATCAAGGCTAAGCTCTG
	BbActin mutation at site 214

	214R
	CAGAGCTTAGCCTTGATGTC
	

	303F
	CTGGTGGTGCTACCATGTAC
	BbActin mutation at site 303

	303R
	GTACATGGTAGCACCACCAG
	

	305F
	GGTGGTACTACCGCTTACCCTGGT
	BbActin mutation at site 305

	305R
	ACCAGGGTAAGCGGTAGTACCACC
	

	336F
	CCGAGCGCGCTTACTCTGTC
	BbActin mutation at site 336

	336R
	GACAGAGTAAGCGCGCTCGG
	




Supplementary Table 2
	Supplementary table 2 | Molecular docking analysis of tenellin and its analogs with BbActin

	Chemical compound
	Binding energy
(kcal mol-1)
	Binding site

	Tenellin
	-6.80
	Met16, Lys18, Lys213, Glu214, Asp157, Agr210, Lys213, Glu214，Thr303，Met305, Tyr306, Pro307, Lys336

	Aspyridnone A
	-6.94
	Met16, Lys18, Lys213, Glu214, Thr303, Met305，Tyr306, Lys336

	Militarinone B
	-6.88
	Met16, Lys18, Pro32, Tyr69, Asp157, Glu207, Agr210，Glu214，Thr303, Met305, Pro307, Lys336

	Farinosone B
	-7.65
	Met16, Lys18, Gln59, Tyr69, Asp157, Glu207, Asp211, Glu214, Lys215, Thr303，Met305, Tyr306, Pro307, Lys336

	Llicicolin H
	-7.71
	Met16, Lys18, Gln59, Tyr69, Asp157, Glu207, Agr210, Glu214, Lys215, Thr303, Met305, Pro307, Lys336

	Sambutoxin
	-5.66
	Met16, Lys18, Pro32, Tyr69, Asp157, Glu207, Agr210, Glu214, Thr303, Met305, Tyr306, Lys336

	Fumosorinone
	-7.31
	Ser14, Met16, Lys18, Gln137, Asp157, Agr210, Lys213, Glu214, Thr303, Met305, Pro307, Lys336

	Binding energy < -4.25 kcal mol-1 indicates moderately stable binding; binding energy < -5.0 kcal mol-1 indicates favorably stable binding; binding energy < -7.0 kcal mol-1 indicates highly stable binding.



image7.tiff
b

BbWT: lifeact:eGFP

i ~ < g )
B. bassiana @\V‘ ,@(\% ’@(\O tenS \Qﬂ\o @\Q’ \(\\/\(\ ' L\(\
( o
1. fumosorosea @(\V K\)g(\% K\\‘(\O fumS ,\0\‘\0 &&(\?x

< - ——

M core biosynthetic [l additional biosynthetic W regulatory genes

+
o
p
. transport-related genes Fumosorinone
Cc e
I. fumosorosea AfumS
wr 2fums d aums /
b AN - -
I | G WV L
o 1 2 3 4 5 6 7 8
Time (min)
PDA 10d
E I. fumosorosea 4 [M+HP
Se0 g
é 60
©
240 ‘
>
3% L
€ [\ | f
|
3o \

WT AfumS ~ WT AfumS —

PDA 10d

0.2 mM fumosorinone

Control 5 min 10 min 20 min 40 min 60 min





image8.tiff
WT: lifeact::eGFP AtenS: lifeact::eGFP





image9.tiff
WT Bottom (15d)

(1]

PDA - .
& i — tenS
NE 254 Tenellin comem_‘_
o re &
@ 204 g
= ]
e 15 £
NaCl g 3 . $
B 8 2
\ gl :
% .3
:‘ 3 14
i
y J T T T T 0
d PDA 32°C H,0, NaCl Sor CR
wr Sor NaCl

Conidial yield0® cm?)
a4 4N
o o o

I 1 T

&)
L

o

*
*
WT

Hioi

ns
»
) .
ns 3
wx H
1)
: K]
3
Control NaCl CR H,0, Sor 32C

Up (7d)




image10.tiff
(s





image1.tiff
% O
MW: 369.41

Tenellin

C21H23NOs

P

e

7 (min)

9.v1'26¢

[M+Na]*

6

400

1aom

1w

1oom

5000

a0

100

a0

o

S
fy

ﬂc

'H

WL

pr
oriete)

o}
0.
0

x104
0.8+
0.6
a-
2
o

Intens .4




image2.tiff
WT

AtenS

AtenSeoM

FITC-Phalloidin

HPLC

WT

l

AtenS

Atenseom JK;MkM‘
L

20 30
Time (min)

Tenellin

mm WT © WT +Tenellin

PDB+Tenellin

200 mem AtenS wmm AtenS+Teneliin

150+

*% *%
1004 I

o
3
1

Mean gray value (FITC-Phalloidin)

o
1




image3.tiff
0.2mM, 15 min

Control Tenellin Tenellin+Fe?* Tenellin+Fe3*





image4.tiff
(GIn83, Val134, Tie136, Gly168,
Serl70, Cys374, Phe375)

(Arg62, Asp157, Arg183,
Glu207, Lys213)





image5.tiff
: 3 4 5 6 7 8
1. Actin-AP Actin-AP N.lar'.(e” 2
— 130kDa 1
2. Met16Al | in-
ctioAla act 100kDa e
3. Lys18Ala I Actin-AP
70kDa
4. Lys213Ala ActinIAP ]
= o 55kDa
5. Glu214Ala Actm{t\P - - e -~
. 40KDa sy WP
6. Thr303Ala Actin-AP
35kDa
7. Met305Ala Actin-AP | ™
8. Lys336Ala Actin-AP | 25kDa
1.0
* % ns
0.8
)
S 06 *k
3 . % ns ns
§ *k
*%
% 04+
0.2
0.0-
Tenelin - + - 4+ - 4+ - 4+ - + - + - + - = +
& F
«§ N S X o &S oS 0>
& & ) S§ N Ny W




image6.tiff
WT.lifeact:.eGFP

MGVADLIKKFESISKEE GDPPVAT

’ _
lifeact linker AtenS:lifeact::.eGFP _
c

RT-PCR
PgpdA EGFP 1. AtenS:lifeact::eGFP |40kba 1 2
35kDa
25kDa -_— =
2. WT:lifeact::eGFP

Anti-GFP




