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Abstract: In order to identify the antifungal substances of the endophytic fungus Sarocladium brachiar-
iae HNDS strain, bioinformatic methods were used to locate putative genes responsible for the biosyn-
thesis of antifungal substances based on the whole genome sequence of this strain, and cluster analysis
combined with phylogenic analysis was used to identify the products of gene clusters and the exact anti-
fungal substance was located by constructing deletion mutants and analyzing metabolome. The results
showed that HNDS strain had seven non-ribosomal peptide synthetase (NRPS) gene clusters; the prod-
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uct of cluster 29 was siderophore and the product of cluster 30 was cyclosporin-like non-ribosomal anti-

fungal peptide based on cluster analysis. Phylogenetic analysis combined with bioinformatic analysis in-

dicated that the product of cluster 30 was a new non-ribosomal peptide, the structure of which was very

different from cyclosporin. HNDS strain lost its antifungal activity when cluster 30 NRPS gene was mu-
tated by deletion. Compared with HNDS wild type strain, the deletion mutant of cluster 30 NRPS gene
lost an 887.54 Da peptide. This study suggested that HNDS strain synthesized an 887.54 Da cyclospo-

rin-like non-ribosomal peptide by gene cluster 30 as the antifungal substance.

Key words: endophytic fungus; Fusarium oxysporum f. sp. cubense race 4; antifungal peptide; non-ri-

bosomal peptide synthetase

IR IR I B AR 45 A BUINFD Fusarium
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DA A T A B 1 P T B A B LB A i 2 FIR
THIFEFM . BRZEMES(2017) A3 (2012) A
B 4y B A B 1w AR T8 N AR FL T Sarocladi-
um brachiariae HND5 T# ¥k 7] A 240 ] FOC4 19 4=
K, DIBRIZBRAR TG ) o0 oA A 2 S

FLP AR B TS ) T S EALE 2 IS R
K AV R Y B  BAA DU A BRI
TR Z I RE (Aly etal.,2011) , Hrp AR A £
BK & A (non-ribosomal peptide synthetase, NRPS)
B AR A Z RS R A AR ) A5k AT e 2
A Z RN, J2 T PR 5 A T A AR 3 (Walsh et
al.,2001; Bills et al.,2014) . 7 U 4¢3 19 L7 45 ik
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T-F(5-GCCCGTCTCCCTTGCCAGTGATAT-3")/HY-
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Fig. 1 Schematic diagram of annotation of non-ribosomal peptide synthetase gene clusters in the genome of HNDS strain
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from other non-ribosomal peptide synthetases with known functions
B2 . HARBREmEfLTfEdl. Shadow label: target adenylation(A) domains.
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Fig. 3 Phylogenetic analysis of adenylation domains in non-ribosomal peptide synthetases of cluster 30 and the adenylation domains

in cyclosporin synthetases and the homologous synthetases with maximum likelihood method
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Fig. 4 Comparison of the module structure between non-ribosomal peptide synthetases of cluster 30 and

cyclosporin synthetases and the homologues synthetases

2.4 HNDS5E#ENRPSE FE ik 5k 52344

& H Split-marker J5 7% 3k 15 22 /1> HNDS B #£ (1
LA 30 NRPS FE [H 512 i Ak + s PCR A I 45 21 I
I AT TCIE Y BRI BE 5 AR B BOmT REY HG HYG B
[K B (81 5) 5 Southern blot A& 45 5 7, i A 71
HNDS TR AR T LASRAS — % B 11 I A 25 AT 5 R R 5 24

oA , AR R PR IRET A 238 4501 5 il
JRAT B AL L A L PR e sc i AL F 4500 T R
Pk S R R AT 24 2 e AT T A5 21— A 457t (& 6)
FEHH HNDS [ R JE K 75 30 NRPS JEDH e 4k 28 8 Ay
).

A M1 2 3 4 5 6 17 B

850 bp

5 HND5 EHRE R 7% 30 IEitlik & I & BUERE FE R 5Kk AR PCR AN
Fig. 5 PCR detection of the gene mutants encoding the non-ribosomal peptide synthetase of cluster 30 in HNDS strain
A: FIH51# C30-Test-F/C30-Test-R 4 1 5 [K % 30 ' NRPS He [H B 5 42 11 Jv B s B: IS4 C30-T-F/HY-R PCR il
HYGHEADLE . M: DS2000 marker; 1: BAVEXTIR; 2~6: cluster 30 Hf NRPS BE R ik 28 A5 56 4L 15 7. ¥F/: M HNDS Bibk. A
Amplification of the mutated fragment of the NRPS gene of cluster 30 by using the primers C30-Test-F/C30-Test-R; B: PCR test of
HYG gene insertion position by using the primers C30-T-F/HY-R. M: DS2000 marker; 1: negative control; 2—6: cluster 30 NRPS

encoding gene mutants; 7: wild type strain of HNDS.
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W] NRPS HENZ 5 6 i dE A Z K, J& HNDS
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2.6 RBEHHRBBIGEBEERIESHT
57 4 K HNDS B AT 4L /0 M B, SR % 30

NRPS 3 [H 2 58 AR R 20 Bk T 1 R L
1 887.54 MW, — G BN, BF AL B HNDS
FRARFNIERI % 30 NRPS PR AR 28 (R34 7 8.53 min
Ab H BRI A (5] 8-A~B) ; BTk (5] i, B AR R
HNDS5 B ¥k FIEEDRI % 30 NRPS Jt [H e 4 28 725 (AR 78 AR
[0 s il N 1 M @ 1973 Y o N I S W L 2
I HNDS B RR A8 B % LR 409.17, 1 6 R 7% 30
NRPS PRI 5 AR PR e e Az He ok 782.57 (1] 8-
C~D) , R H BIR 5> T2 AL, H 22 A A
/)i
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Fig. 6 Southern blot verification of the non-ribosomal peptide synthetase of cluster 30 gene mutant in HNDS strain
A: NRPSHERBR RS ; B: HYG KRS . M: A-Hind Il marker; 1: HNDS FFRHE R 241 Hind TTRGY) 405 2~
5: cluster 30 NRPS J&[K Bl 2 AR IR K N 4 Hind BV =4 . A« Probe for mutated fragment detection; B: probe for HYG gene
detection. M: A-Hind Il marker; 1: Hind III digested fragment of genomic DNA of wild type strain HNDS5; 2-5: Hind III digested
fragment of genomic DNA of cluster 30 NRPS gene mutant of HNDS strain.
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Fig. 7 Anti-fungal activity of wild type and non-ribosomal peptide synthetase of cluster 30 gene mutant of HNDS strain
A~C: Z TR RIHE T T | A8k VT B i L b 4 S F/NFP CK. B2, A-C: Corynespora cassiicola, Fusari-

um oxysporum , F. oxysporum f. sp. cubense Race 4, respectively; CK: methanol.

100r A — 2% T B 1st-level mass spectrometry 20593 17
I 862
437.20
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.5 1.5 25 35 45 55 65 75 85 95 105 115 125 135 145
g 100r B — 2% T B 1st-level mass spectrometry §/8523 57
)
7} L
E K S5t
g :
= 0.5 1.5 25 35 45 55 65 75 85 95 105 115 125 135 145
o 1001 = L K
3 C 2% % 1 B 2nd-level mass spectrometry ii)59%17
% 50
&'
0.5 1.5 2.5 3.5 4.5 5:5 6.5 7.5 8.5 9.5 105 11.5 125 135 145
100r p 45 1% B 2nd-level mass spectrometry 27;852457
50L 7.38 8.67
393.2L 782.57
0 L - L n LA rios " /"Im. W,y L L L ) L
0.5 1.5 25 35 45 55 65 75 85 95 105 115 125 135 145
B & Time (min)

B8 BFARHNDSEHK (A, C) FEEE 30 FERARE S R G R EBERRA XL (B, D)REHAS FEH 887.54 Da ) FikE
Fig. 8 887.54 Da mass spectrogram of the metabolomes of wild type HNDS strain (A, C) and non-ribosomal
peptide synthetase gene deletion mutant of cluster 30 (B, D)
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AAIFFEARYEA: By N A= LT HNDS TR 42 S K 20
Kol , M antiSMASH % %E #5351 1 7 1~ NRPS 2 [
7% ; Hittalmani et al.(2016 )18 i= 4= 35 PR ZH 0 e MK
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)10 85 R R PU Y T, 7645 T A A 5% ok
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FRA LB R, i EEE R C (Moussaif et
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Giraldo et al.(2015) 45 —3 . Yang et al.(2018)fiff
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ACC(Zhang et al.,2004) . #EJ ACC AJ fEAFE R FEH
7 30 TARRMHAZ IR 2 57 G i, i —
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B S AR ARG R AR LA 2 IS S i
RfRNT I FEZA 9T F-BL . Wang et al.(2012) 38 1 44
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