(DGR

Acta Microbiologica Sinica

2020, 60(10): 2350-2361
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20190625

kB RE P AEZEIR 2 BAE E NRPS1 B9Th gefff 3=
WiEE Y, Ak, MEALS, AR, Fxg?

VR TRORY:, KAV EREAA TR E, EK 400067
2 E R E B M T R R S SRR, Jbat 100101

SR AR B A MBS T, WA MR TR S0, R M 450008
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Km P gt Lynch 45 % PR % A 55 (T.
harzianum) B8 4% 7= 4= 5 ¥ & (e R oS I ke SE
WG Ko % 0 FE kg, 6 57 Ak 22 % B (Rhizoctonia
solani) A R AF il i PEC?); Meyer 55 74 (0 R (T.
viride) & B— 1~ 20 A2 LR TR ILAL 1 A R 1
75 % 5 (peptaibols) ft. & ¥1——N H 174 2 (alamethicin)
(1), o s 2 FGBH M B A ikl £ PR T

WR FA R 3R o — 28 S KR R LT 7 A g it
RITEPEAL B, HAL =454 HA A R, BRI
N i @®d TAERRAER - A ER TR
(a-aminoisobutyric acid, Aib), C AKim4r# ##5%
KAk i a2 KL (alcohol) (4 ik (peptide) 25 i A = 119,
WRFRE R 1) B ERKEAE 5-20 MRz ], 25
A 15-20 PEIEREHEIT, A Ik, B
ENIVRINEE RIS At 300 A0, Bl Ok
W IRIARE RGLI, XRF R SWEY
A I REN T UL M A £6 A5 . 2002 4F, Wiest
A5 ERAEE(T. virens)H 55E I 5l 15— URIA
BRA I tex, ZHEH H 18 Mg i/

OH,C CH,

QHL er
oy

O cn,

L (A-T-C, adenylation-thiolation-condensation,
WRFT IR AL 285 A0 -3 S AL G5 A -0 B S5 AL 3 AL R
AT 5 2 I8 (1 Rl A 3] 350%0-58%1°, H
IR R 25 # 3 (adenylation,  A-domain) i) 22 5%
PE TR BEE AN, S-S Y4
M Z R, WE TSRS Wl 22 FRBHME |
BAVETA . FUBT L SRR 25 S 6 Tk A R [
R 12 R BUE VR FPLRDE R A4, BATRIBESE
FE A T HERER e ER, HIERL
) 35 AT A M B (barrel-stave model) . “BER”
155 7Y (carpet model) . “ Ht £ " #5¢ % (toroidal pore
model)%§ . f) N EEZHLEIE Ehrenstein 45 7E
1977 AF4& H A “Fl -t AL, DCRIRIIEE R LAZ T
ENIOI N PN O 9 & e = N | 08 3 iU
WA, MR MR R SR, TR A M R AR
W, T AN PR T A B R T Y H g tee
WR FH %S 2= X1 T HAbbr A= = i/ LG H B A
JiE I PUMAE S, BN R IR A W A
rehtk

CHJ oHC C}—I

OH,C CH1

H, O
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Figure 1.

The structure of alamethicin.
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A FE e Bk BTR RS R AR 2 2016 45 A
Hypoxylon anthochroum H4» &5 EI ), 7]
(9 TAE AP E T TR R R AL B R R A,
ST HAF R, XY= YRR
o A EE ISR X, I s e, Xt
AR B FL R H AT HE G B2 e, KI T —
NEA 194 A-T-C By NRPS1, HiZFPoI7EA
[FIARGHRSE, @5 MRS RN A&
BEE EA TP A ExE, T NRPSL A RS2 6 BUWR
HHmEBMEYZLIEE . Eit PEG MR
A SRS ALY I 3545 NRPSL Bledetk, FRsE T
DB B B A 7 55 S AR BRI 1 22 57 IR R ik
RIE e PR B A= B ek B rp R PR AR T, i
SRS T T, S A B B T AR

1 AR %

11 HETEHk

A5 A B A8 B TR 85 | Jk T 7 (Hypoxylon
sp.) FIAE W) it T 347 e v R 2 B B 2R 0 i 5 o
FLIE 7 o s g s IR, HE g It . 2k
ith 2 Aspergillus parasiticus (CGMCC3.0124) . /5%
& Gibberella zeae (CGMCC3.2873)., M54 H
Verticillium alboatrum (CGMCC3.4306) . /K %% A
Botrytis cinerea (CGMCC3.4584) . & J& 4 7] I
Fusarium nivale (CGMCC3.4600) . 2K {8 J] B
Fusarium oxysporum (CGMCC3.2830). Pochonia
chlamlosporia (CGMCC3.0829) .

Cladosporium

cladosporioides 1 Mucor corcinelloides.

12 HEFRHE R
PDA 153E%E. 39 g/L Potato Dextrose Agar, =
FEKE, T REBRIE AR IR RS 55
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PDB 15353 . 24 g/L Potato Dextrose Broth,
e K, T TR 22 55 35 L R A R

TG £5773L . 10 g/L Tryptone, 100 g/L Glucose,
mEKE, HT RS

SPDA 1334k . 218.6 g/L D-sorbitol, 39 g/L
Potato Dextrose Agar, &K@, FATEEHk.

TOP SPDA #5374k 218.6 g/L D-sorbitol, 24 g/L
Potato Dextrose Broth, 8 g/L Agar, &= /&k K&, M
Tt feiefb.,

FOKREFREL: 600 g/L Kok, mEKHE, AT
TR A A TR SRR G A ) o

N-M ¥ : 17.532 g/L NaCl, 73.941 g/L
MgS0,-7H,0, 10 mmol/L Tris-HCI (pH=7.5), & &
K, FHT B s A A

STC ZE bk . 218.6 g/L D-sorbitol, 1.47 g/L
CaCl,-2H,0, 10 mmol/L Tris-HCI (pH=7.5), & J&
K, T sLA.

PEG 7% : 600 g/L %2, ¥ 6000, 7.35 g/L
CaCly-2H,0, 10 mmol/L Tris-HCI (pH=7.5), &
K, HTsiLiA.

1.3 F|¥yAnmss

AHEFE T S [ RBR LR 1 3k 2,
14 HYERZEST

TE NCBI $54l e AR A5 R 3175 3R G S (5 Y
EAITY, ACHRENS A (T. virens GV29-8)
WRIAEE =G MU 2R3 ) tex1(XP_013953110.1) Ky
TRAEE, X AR 35 5L A A 7 A b L 3 A,
IWHIE AP IR AR RSN . JF @

antiSMASH (antibiotics & secondary metabolite
analysis shell) R4 X 12 J PR Fir 7 1 356 DR e a6 A 7 7

45T,
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Table 1.

PCR primer sets used in this study

Primers Sequences (5'—3')

Uses

NRPS1 5f-for (P1)
NRPS1 5f-rev (P2)
NRPS1 3f-for (P3)
NRPS1 3f-rev (P4)
NRPS1 5f scr-for (P5) CATTTATCTCTGACGCGGCG

HYG5f scr-rev (P6) GCCTATGCCTACAGCATCC
HYG3f scr-for (P7) CGTGGTCGAGCTACAAAGC
NRPS1 3f scr-rev (P8) GCTCAGCAGTCATTGACAC
NRPS1RT-for (P9) CGAGCCTCTAGTGCAGGAAG
NRPS1RT-rev (P10) GATGGCCGAAGTCTGTGCAG

CTATAGGGCGAATTGGAGCTCCACCGCGCTGGCTACCGCGTTGATAG
GATCCACTAGTTCTAGAGCGGCCGCCACCCTGAACTGCGGCAGCCATC
GAGCCGGAAGCATAAAGTGTAAAGCCTGCGTGCTGCTAACCGACTAGC
GTGAGTTAGCTCACTCATTAGGCACCCCTGCAGGCCTTGCGCCATTG

Up flanks” amplification

Down flanks’ amplification

Transformant up screening

Transformant down screening

Transformant target screening

F2. AR PERRR

Table 2. Plasmids used in this study
Plasmid Description
pUCH2-8 Hygromycin B!
pYHL12 NRPS1 (1-4526 bp) deletion cassette in

pUCH2-8

1.5 NRPS1 B4R H MR &

REARGIRAFE R 05N NRPSL a5
66642 ML XT (base pair, bp), X Rk TERE 5L
DA m R IRIE, Rk, ASEge B ArtE LX) NRPS1
SEIH 5% 4526 bp HF1 TR o #ER A F R
Quick-change 3£, 514 k{5 BNk 1% 2
iR, Ho P1-4 519 K519, BitEbE E r
PR A0 13- 5310 o 0 e Al A AT a5 A [ 05 47
T, UmHBEIREILFLL DNA M, H519
P1/P2 P3/P4 43l ¥ Ha45 5 1197 bp b3 [F] Y5 A
1201 bp FFEBEE; H, FIH] PCR HEEAR BT
ki pUCH2-8 15 H YRR Jr Brid%, SRS 181 Dpn |
PN U AL R A AR AR SR s R JE R D)
WA T KA D e A, O 36 T B AS 380 BH A4 ok
1.6 &EAKRE NRPS1 BRI R

W ARBEI AR PEG A3 14 5 AR T 14
5, AR A DUAR B S TR A Y

S5 SRy R R TR A A £ 5 ik
N B, TEBEAR FEARNE LS 0 R A AR R
PR, 4K 3d R RS F4 2 PDB iRk,
F-28°C. 200 r/min }53% 24 hy Hk, WEIASEZ
IO SRR 2 TG 55758, T 28 °C., 200 r/min
FiFR 12 hy dela, dIBIRER 22 2 10 mL 1)
Tt f#% W (20 mg/mL lysing enzymes, Sigma), |
28 °C. 100 r/min [if§ff% 8 h, WA, BT
i STC VIR, SRR I LSRG an T . A5
Bk FMPAE R WG R, ik SPDA il
AP E 7 60 pg/mL, TOP SPDA 35 LA
PN 30 pg/mL. FALEEAR T 26 °C A K
5-7 d i, B b P25 60 pg/mL &R
PDA V-t |-, B FHIRAEMHALA 2 I, #k
HAERARAS RAFA A 75 4570 2 PDB K972k, Kk
24 h JFHEEUE R 2H DNA 28 3 X v 5 |41 (P5/P6
P7/P8 #1 P9/P10)#4T PCR Kk (3% 1), MIfi3kf5
NRPS1 K& [ 58 4 P g i UK 1) TEAff 28 A8 bk
17 REARTBRGAET= Y RS 1 E
WG A0S 1 o IR & B A= A (wild type, WT)
1 NRPS1 48 ¥R (TYHL3)FEFP T ROk R 32 3k,
T 26 °C # EIGFE 10 d. FIFH LR CBEAEEL, ek

N
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RRALEBEA VLR, FH 1 mL i F EEA R
at, 0.22 pm TAALUERET IR S, R T HER
(DMSO), Fi#ill 100 mg/mL & % FH . i id
20 pg/mL B9V FEF AR YN E] 10 mL PDA K557 Ak
W, LUIMA %/ DMSO ) PDA Jzs (AXTHE, F
557 KRG BRRRIEERAE KT,
R E WT 1 TYHL3 ALYt e 1 1 AR
KAmsirem, &8 3 MEYF P,
1.8 REAABEKRIIEREEHENE
KM IR % AL parasiticus 25 9 R 5
PRI EA T A R R BT FL TR TS PRI E o 1555 7E PDA
M EIEALERR , SRS 7E AR SN 60 mm (1) PDA S
BRI [ 2 57 B 53 B FEeFP HAR N 3 mm & ALfS )
BB ARTEEPEWT 5 TYHL3) S5HYe 5, L
BB B I X, #5383 N EE AT
26 °C s 7 d, WEFEIFIEAZAL, FHl &k
PR TR VR AR, #e AR, b D1
Xof BEZH B 75 B AR (mm), D2 S AT RFIRF2H 1R V% A%
(m m)[27—29] .

s KA o) = 21222

x100 A(1)
1.9 BaEkE 55Tk

F| A Excel 2016 Fi1 GraphPad Prism 5.01 # {4
XIS TR T, Rt T
(RN ZREA T i, B BARE Y y 3 4
FEPY, BEMEKTE R 0.05, P<0.05 ftREA R
EXES, P<O.0L REMEEESR

2 HERMQM

2.1 REARBHIRFIERAL YA IR B
PLGEARTE T. virens GV29-8 FIR FIEE £ 4 L H

actamicro@im.ac.cn

I tex1(XP_013953110.1) % [ %5 R4, i@
A H U E T R IR EEH texd By [RIPEEEIA
ARAHBUE R IAE: R AW & L] NRPSL. SR )5
A antiSMASH T 53 #7 ¢ AT AR B¢ NRPS1 ZE[A
FIFFE R SE R 28R 2-A FoR, %R
JERREAR RS NRPSL, #EIE SR BL BEAR
fiff (aflatoxin b1 aldehyde reductase) , MFS ¥%iz &5 [
(MFS general substrate transporter) . ¥4 ¥ 8 H
(retrograde regulation protein) . 4fififd (%, % P450 L4
{L M (cytochrome P450 monooxygenase). UbiA 5+
I BE 2 I (UDIA prenyltransferase)4s , Hg 41
FLIH NRPS1 ZEH I A an i 2-B frok, i 19
A A-T-C B, 5%k KS-AT Zhbie, 33
9 NAD g5, &4 3 IW&FH 4 Mo+,
TR 2HE ) 66156 bp, AR 11k 22052 44
AR, HEARFE P SERY, 5 T virens
(XP_013953110.1), T. parareesei (OTA01063.1)#M
T. citrinoviride (XP_024748081.1) AH {4 43 51
74% ., T4%H1 76%.

H T NRPS1 HARRIRLE ) 5w FE RSP 1,
I, D NRPS1 2 ik B2 R 3 = 2R G W)
VG R
2.2 IR NRPS1 B BRI K 734

VG B TR, IR EIRIE R E
Y& kR NRPS1 LKl 66642 bp. F1IH
Quick-Change 4% Rty & milx &, split-marker 0%
M PEG 4 iy J5U A AL ALk XL RE A NRPS1
5%f 4526 bp DNA F Bt ATl BoiEZs A un
Kl 3-A. B i/, NRPSL Z&A5#E AT LIY #9155 A
EX K0 1517 bp (P5/P6)Fi1 1462 bp (P7/P8)HY 2%
TP AE T MRS REY 1S HhZ 5500, SIS R G
S NRPSL B K MRS |91 (P9/P10) 4 1 814 bp



THIEAE | MR YRR, 2020, 60(10) 2355

(A)
aT. hypoxylon |

AXL154 03283 82 81 80 79 78 77 767574
b 7. virens Gv2z 8

—] EHH——H)

XP_013953112 11 10 09 08 07 06 05
¢ T. parareesei .

A - _________________________________________h i A % 1 iy
N

OTA01060 61 62 63 64 6566 67 68
dT. citrmovirlde

XP_O24748078 79 80 81 82 83 84 85
1 kb
% UbiA prenyltransferase |::> Cytochrome P450 monooxygenase . Nonribosomal peptide synthetases D Others

§ Retrograde regulation protein {:) MFS general substrate transporter [[U]) Aflatoxin bl aldehyde reductase

(B)

p )
/ATCA‘CA'C A'CA.CA'CA.C A‘CA‘CA'CA"C A'CA'C A‘CA‘C A.C A.C A‘C A.C A%
Z

2. REIAREF NRPSL EEEEMERFERF
Figure 2. The NRPS1 gene cluster is conserved in Trichoderma species. A: Orthologous gene analysis of the
NRPS1 gene cluster. a: T. hypoxylon NRPS1; b: T. virens GV29-8 XP_013953110.1 (tex1); c: T. parareesei
OTAO01063.1; d: T. citrinoviride XP_024748081.1. B: The domain structure of NRPS1.

(A) Homologous arm Homologous arm (B)
P1/P2 3/P4 b M WT TYHL3
WT ~ ———{_ 3F NRPSIS 4526bd i — 500 1 2 3 4 5 6
Deletion >< 10 7 Homologous ] '~
cassette ~- s \\ recombination 0.75 — = S
0.25 —
\l/
Mutant m hph J
P5/P6 P7/P8
C
© A=210 nm +

o ‘.,‘ \ A
TYHL3 AW\ M A - A r——

5.00 10.00 15.00 20.00 25.00

3. RHEIAKRE NRPS1 ERE R K EKBIME R IGIE S #7
Figure 3. Schematic illustration of deletion and confirmation of T. hypoxylon NRPS1. A: Schematic representation
of the deletion of NRPS1. B: Confirmation of NRPS1 deletion by genomic DNA PCR amplification. TYHL3 with
primer pairs 9/10 (lanes 1 and 4), primer pairs 5/6 (lanes 2 and 5) and primer pairs 7/8 (lanes 3 and 6). M: D2000
ladder DNA marker. C: The HPLC analysis the mutant of deletion NRPS1.
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FB, B RIBPRRED E t H 454, NRPSL %
AR R T AR SRR R BBl i 2 R B i DR 4 i
ARV I iz A, IR MIKREE NRPS1 JE[H]
5'%i; 4526 bp DNA F Bt e gu o (A 7KV 29l A i
R, NRPS1 JERBEMIR . il PCR %k i h 1%
T 3 RRBERAE L 0 NRPST LR B AC bk, BoIES,
RUNE 3-B FiR. FARMR AT ARIA 1 o i 5 1
AR ATIC B 255, A4 TYHL3.1, 3.2,

3.3,

Wik IR EE WT Fl TYHL3 7E PDA 55383 |
i3 7d, MR PR 22 Nk, R
RO AR € 151 (HPLC) A A X R G AR ™ il A 743
Br, rbrasRani 3-C iR, 7 210 nm KT,
Bf 2 R AR B I IR] N 20,2 min B9AC I B g AE
NRPS1 JEAIB R FRTH R, R4 Ry i A R 25 R
HI2E RS WA 1, NRPSL JE B S IR
R RBE WA G LR,

2.3 NRPS1 X% B AR B R B ™Y1 R

R AR RE W 27 42 bk H. anthochroum []
J& i — Bk A A RIS TR, LUK RHAR P 1
FHF 14 15 11 AT 1 P 22 A 1 B AR R R AIE TR 2248 Kk
R, PE—RFE NRPSL X 1k AR B R A e
AHOTE PERY S SR 45 2R s , 76 WT 5 TYHL3
PSR IVE TR, ¢ IAT BT BRT 22 A 3 B2 5 %o REL T
MR EE S 25 2808, 20 ng/mL ¥ EE A WT M58
% 52 4 40 i e A DR TR 22 i AR, T Bk R [
NRPS1 JEiZ il VE F 82 T B (& 4-A, B). Hitt,
NRPS1 &P i k2 T SR A BTG M i AL )
oA N T3 % ANz i b - 9.6 vl oY o
YER, BE&585 Z AiHEN NRPSL VR I8 2 1Y E
W& UL R D REARAT
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TYHL3 WT

E()O-
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e

° 20}

=

(=}

3 -
O 0 )

4. NRPS1 KX % F AR B EMERIFIE

Figure 4. Effect of NRPS1 deletion on the activity of
T. hypoxylon. A: Mycelia growth of Hypoxylon sp.
under crude extract of T. hypoxylon. The Hypoxylon sp.
strain was cultured on PDA plate at 26 °C for 7 days
with DMSO (a), crude extracts (b) of TYHL3 (ANRPS1),
crude extracts of WT (c). B: The colony diameters of
Hypoxylon sp. were measured. Three replicates are for
each culture. Error bars represent the standard
deviations.

2.4  NRPSL Xt 5B AR BRI B R R0

KRR AR e EE LN EE, XY
i I T A RAFHEHUE R . BRI, ABIFSE X ok A
AREEIEPE S A R FHETSAE TR . )
WA E A A5 NRPS1 Bk 548 k2 5l 5
A. parasiticus 55 9 BRAE G )5 EL R A TP ARG IR
Brg%, DA AR R A P S LT S o B &l 5
o, B A AL e P R 75 5 0 D L TR R R 5 SR
BARBEXS 8 M Ji B 1 A A 14 BH S i B il
F, % M. cinelloides (/& 5-1) AR5/ 45
o i 25O B B 2 I AR P, Chlamlosporia
(B 5-A), B7A:= R R RS B 7 9 AR K REAS 58 40
[l P. Chlamlosporia [T 7% . NRPS1 JE [ bk
TYHL3 59 I FLIA X IRE G R, AH LG TP AE A
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CK WT TYHL3

B 5. NRPS1 REHMMEKEAKREBHIFREEE LRI
Influences of NRPS1 mutant against pathogenic fungi. All strains were growth on PDA at 26 °C for 7
days; T. hypoxylon was plated on left side and pathogenic fungus was plated on right side; A: P. chlamlosporia; B:
C. cladosporioides; C: A. parasiticus; D: G. zeae; E: F. nivale; F: B. cinerea; G: V. alboatrum; H: F. oxysporum; I:
M. cinelloides.

Figure 5.

TYHL3 X} 9 A it b () A= R A A 38 R B o ¢
AR 22 3F AR R A AN BE 15 T NRPS1 JE[RI Bk
PR, XA T NRPS1 3 P 14 il 2 R AIS 1 900 PR 046 1
PIB7 A . RS Ie S Z R NRPSL 2 IR 3125
R MY G R D REAHAT o

PIER 7 d MSCI0d] SXT AR 22 ARk 3R
AR 22 A KA %, 25 ansk 3 MKl 6 s, H
L, WZAERIEIRER SR 3 HIRIRE N P
chlamlosporia.C. cladosporioides FI A. parasiticus,
B AR WT X HA 485351 61.52%.58.67%
53.62%, 1M TYHL3 X AW 5535140 43.63% .,
31.00%. 44.20%, iXFW] WT XHii J5t /& 7/ 22 4= K

% 3. REAKREXEVFREHIGIER
Table 3. Inhibition of T. hypoxylon on plant pathogenic fungi

No. Strains WT (7 d) TYHL3 (7 d)
1 P. chlamlosporia 61.52+0.05 43.63+0.03
2 C. cladosporioides 58.67+0.03 31.00+0.08
3 A. parasiticus 53.62+0.06 44.20+0.04
4 G. zeae 39.06+0.08 33.33+0.08
5 F. nivale 44.27+0.08 36.86+0.03
6 B. cinerea 44.67+0.11 34.67+0.07
7 V. alboatrum 42.38+0.04 32.3310.04
8 F. oxysporum 39.06+0.08 33.33+£0.08
9 M. corcinelloides 27.67+0.03 21.67+0.03

Inhibition of growth is defined as (diameter of growth in the
absence of the test strain-diameter of growth in the direction of
the test strain)/(diameter of growth in the absence of the test
strain)x100%. Data are shown with mean+SEM, n=3.
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A: P. ehlamlosporia
B: C. cladosporioides
C: A. parasiticus

D: G. zeae

E: F. nivale

F: B. cinerea

G: V. alboatrum

H: F. oxysporum

I: M. corcinelloides

vV VPV

A’A’A'&""-".‘A *
v v vy vw

- .‘.’ﬂ’.’.

OOC

CJ
-
-

S
OO0
v,
.’.’

G H I

Strains of pathogenic bacterium (7 d)

6. WEAKRB(FERFRTR)I O #hfm R E RS R

Figure 6.

Inhibition rates of T. hypoxylon against pathogenic fungi. Data were presented as Mean+SD, values with

capital letters and lowercase letters in the same column indicated significant difference at 0.01 and 0.05 levels,

respectively; *: P<0.05; **: P<0.01.

AN HIBORE TYHL3 o R 3% . Hirh TYHL3 X
P. chlamlosporia A TR %4 WT T FERT 20%,
HATHE AL T B 5%—-20% A4, 4347 Al 41 NRPS1
S DR 1 ik 25 5 350 P A 8 6 R A28 i TR ) 4T o
FIBE M, i, NRPSL Fr&limWR I 52
EWHA R MEEE, F—2 0] T
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Identification and functional study of NRPS1 in Trichoderma
hypoxylon
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Abstract: [Objective] Trichoderma is a genus of common filamentous fungi used for biological control, by
producing a variety of secondary metabolites that play an important role in biological control. In this study, a
putative nonribosomal peptide synthetase (NRPS) NRPS1 was identified in Trichoderma hypoxylon by genome
mining approach and the function of this gene’s function was studied by using NRPS1 mutant against the
pathogens. [Methods] Bioinformatics analysis reveals a putative NRPS containing biosynthetic gene cluster that is
potential for the biosynthesis of peptaibol. The deletion cassette containing the hygromycin resistance gene was
constructed by Quick-change method. The partial gene was deleted by using PEG mediated transformation in T.
hypoxylon. NRPS1’s function was identified by the biological activity assay against pathogenic fungi. [Results] We
identified a putative peptaibol synthesis gene NRPS1 and obtained three deletion mutants. Deletion of NRPS1
significantly decreased the ability to resistance the pathogenic fungi, such as Aspergillus parasiticus, Fusarium
oxysporum, and Verticillium alboatrum. [Conclusion] NRPS1 is a potential peptaibol synthesis gene in T.
hypoxylon and plays important roles in the resistance to pathogenic fungi. This work lays the foundation for the
elucidation of peptaibol biosynthesis and its application for the biological control in agriculture.
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