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Identification and mechanism of Trichoderma longibrachiatum metabo-

lites in inhibiting the Alternaria tenuissima toxin production

SHAO Xuehui, ZHANG Shuwu’, XU Bingliang"
(College of Plant Protection, Gansu Agricultural University/Engineering Laboratory for Biological Control of Crop Diseases and Pests,
Lanzhou, 730070, Gansu, China)

Abstract: [Objective] Alternaria spp. can cause a variety of apple leaf diseases, which occur in all ma-
jor apple producing areas in the world. It can lead to brown disease spots in apple leaves and even result
in early defoliation, which seriously affects the development of apple industry and causes huge econom-
ic losses. Apple leaf blight caused by Alternaria tenuissima was found for the first time in apple produc-
ing areas of Gansu province. This fungus can damage apple leaves and petioles, causing leaves to die
and fall off. A. alternata mainly damages plants by producing Alternaria toxins. The Alternaria toxins
that have been found can be divided into five categories, i. e, diphenyl-a-pyrones and their derivatives,
perylenequinones and their derivatives, tetraamino acids and their derivatives, long-chain amino polyols
of glycerol tricarboxylate compounds, and hybrid structures. All of them have obvious toxicity, which
can cause serious harm to plants and endanger the food safety of agricultural products. At present, chem-
ical control is still the main means to prevent and control the diseases caused by Alternaria fungi. How-
ever, due to the influence of Alternaria resistance and environmental pollution, it is of great significance
to find a series of biocontrol agents with higher controlling effect on Alternaria. Biocontrol of Tricho-
derma 1is safer and greener than the traditional chemical control methods. Trichoderma metabolites are
also good antifungal substances, with broad-spectrum and efficient antibacterial activity, inhibiting the

growth and metabolism of pathogenic fungi. The growth and metabolism of A. tenuissima ABL2 strain
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were inhibited by Trichoderma longibrachiatum SC5 metabolites. The content of non-host selective tox-
ins in the metabolites of A. fenuissima ABL2 strain and the relative expression of genes related to the
synthesis of A. tenuissima toxin were determined. The inhibition mechanism of 7. longibrachiatum SC5
metabolites on 4. fenuissima ABL2 strain production was clarified. The aim was to provide a reference
and theoretical basis for the prevention and control of apple leaf blight caused by A. tenuissima. [Meth-
ods] T longibrachiatum SC5 and A. tenuissima ABL2 strains were cultured on PDA medium for 7 days.
The PDB liquid medium was made, and the SC5 strain was cultured on the medium for 15 days. The fer-
mentation broth was filtered with filter paper and the broth was retained. The liquid was added with 3-
fold- volume- ethyl acetate and oscillated for 1 hour. After standing extraction, the organic phase was
evaporated in a rotary evaporator, and 1 ml of methanol was added to dissolve and evaporate. The SC5
metabolites were made into an orginal liquid with a concentration of 200.00 mg - mL"', and added to the
PDA medium to make a drug- containing medium with different concentrations of SC5 metabolites
(0.01, 0.05, 0.10, 0.25, 0.50, 1.00 and 2.00 mg-mL™"). The ABL2 strain was inoculated on the drug-con-
taining medium and cultured for 24 hours in a light incubator. The diameter of ABL2 colonies was mea-
sured and the colony inhibition rate was calculated on the 2, 4, 6, 8 and 10 days by cross method. On the
6th day, 5 mycelial plugs were prepared with a sterile puncher and placed in a 10 mL of EP tube, with 3
replicates per concentration. After adding 8 mL of ethyl acetate, ultrasonic oscillation was performed for
1.5 hours, centrifuged and filtered. After the ethyl acetate phase was evaporated to dryness, | mL of
methanol was added to dissolve it, and 5 mm circular sterile filter paper was placed in it for later use. In-
oculate healthy leaves after disinfection and rinsing using stab inoculation method. A circular filter paper
soaked in ABL2 metabolites was placed at each wound, and placed in an artificial climate box for mois-
turizing culture for 7 days. The lesion size was measured and the pathogenic activity of the metabolites
was calculated. The optimal inhibitory concentration of SC5 metabolites on the growth of ABL2 strain
was screened. The total RNA and the metabolites of ABL2 strain growing in the optimal concentration
of drug-containing medium was extracted on 2, 4, 6, 8 and 10 days, and the quantitative standard curves
of six non-host-selective toxins were made respectively. Six toxin-producing related gene primers were
designed and verified for specificity. Liquid Chromatograph Mass Spectrometer and Real Time Quantita-
tive PCR were used to determine the content of toxins in ABL2 metabolites and the relative expression
of toxin-producing related genes. [Results] The crude extract of SC5 metabolism at a concentration of
0.5 mg-mL" had a significant inhibitory effect on the growth and pathogenicity of ABL2, and the inhibi-
tion rates were 38.08% and 76.96% on the 6th day, respectively. 0.5 mg- mL"' SC5 metabolic crude ex-
tract had a significant inhibitory effect on the non-host selective toxins TEN, ALT and TeA produced by
ABL2 strain. The inhibitory effect was the most significant after 2 days treatment, and its content was
reduced by 69.39%, 98.51% and 48.99%, respectively. The expression levels of TES, TES (1), PksA and
PksJ were significantly down-regulated by 89.02%, 98.20%, 46.49% and 40.13%, respectively. Howev-
er, the content of non-host selective toxin ATX-I of ABL2 strain and the expression of PksF gene in-
volved in its synthesis increased. [Conclusion] The SC5 metabolites of 7. longibrachiatum at a concen-
tration of 0.5 mg-mL"' had an inhibitory effect on the growth and pathogenicity of 4. tenuissima ABL2
strain. It could reduce and inhibit the content of TEN, ALT and TeA by down-regulating the expression
of TES, TES (1), PksA and PksJ genes in ABL2 strain, thereby reducing its pathogenicity. This study
can provide a theoretical basis for the biological control of ABL2 strain.

Key words: Fuji apple leaves; Alternaria tenuissima; Trichoderma longibrachiatum; Toxin; Gene ex-

pression; Biological control
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A, B and C and the corresponding numbers are qualitative ions, quantitative ions and parent ions and their mass-to-charge ratios, respectively.
1 #RBpSEREREt EEBTRIEE
Fig. 1 Qualitative and quantitative ion mass spectrometry of alternaria toxin standard
F1 REREERRERZ
Table 1 Standard information and standard curve
B Vo=t e I} [ [EVEpE A BE
Toxins Compounds Adducts Time/min Standard curve r
ALT CisH,606 [M+H] 2.765 Y=64.467 733X +30.958 680 0.999 8
AOH CisH100s [M+H]' 3.125 Y=2.547 454X+11.387 593 0.999 4
TeA CiHisNOs [M+H] 3.102 Y=2.764 007X+2.815 021 0.999 9
TEN C2:HiN,Os [M+H] 3.053 Y=65.262 738X+30.167 858 0.999 9
ATX-I CH,606 [M+H] 3.132 Y=0.200 634X+1.828 624 0.999 9
AME CisH..Os [M+H]' 4.115 Y=2.371 551X+13.451 023 0.999 8
o s 4 3t 2 3
*2 BILERGE xR3 RESH
Table 2 Chromatographic elution gradients. Table 3 Mass spectrometry parameters.
It i) A Y4B T #x  BET WhET  HldE fillf8 FRLE
Time/min Fraction A/%  Fraction B/% Flow/(mL-min™ Toxins Parention Daughterion Cone voltage/eV Collision voltage/eV
ALT 293.1 275.1/257.0 80 5/15
0.00 95 5 0.3
AOH 259.1 212.9/185.1 95 25/35
1.00 45 55 0.3
TeA 198.1 124.8/82.9 80 15/25
4.00 15 85 03 TEN 4152 3582/3122 95 15/15
3.00 95 3 03 ATX-I 3531 299.1/270.9 80 35/35
7.00 95 5 0.3 AME  273.1  230.0212.1 95 35/35

WL SE P00 ABL2 85 3= & BOFH G B Kl [PhsJ PhsA~ 1.3 HIRALIE

PksI.PksF.TESTES (1|35 W50, LA Bend 1F N % [l MS office Excel 2021 A1 IBM SPSS Statis-
WS E, R 22kt AT RIE R . R tics 27 5 Bl 3247 88 i+ 4 M7, H32 H Duncan’s
Primer 5 B35 19, 5190 5 5 W& 4. WM 22T 2 L LA, R OriginPro 2021 fF
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Table 4 Primer information

R SRS LU T

Gene Gene ID Forward primer (5’-3") Reverse primer (3’-5")

PksJ ATN-PG05411 GTCCCAAATTCCTACCCTCAC GATAGCCATCGAAAGCATTCCC

PksA ATN-PG11581 CGGTCTATCTCGTCCCTCAA CGGCGTGCTGTAGTAGTGTAG

PksI ATN-PGO1857 TGGCATACGGGTAAGGTCTA CGTGACGCTCTGGATAGTTC

PksF ATN-PGO07778 CCTTCTTGTCGCCTACTTCAG AACTCCATCGCATCCTCCAA

TES KT947104 CTGATAGCCGAGCACTCCAG TCGGATAAGGCGTTACGTCG

TES (1) KT947105 CCGGACGACATGATGCAATG ATCGATCCGTCGCTGTTCAA

BenA MKS558218.1 GTTGAGAACTCAGACGAGACCTTCTGCATTG GAACCATGTTGACGGCCAACTTCCTC
FHartre X ABL2 T ¥ AE A 1) 3804 1 5 KAE , 79190.42%, 24

2 SR

2.1 KFARE SC5RIFHEIZYIXT IR 4B HEAS TR ABL2
& Kp9HHIER

SC5 AL $2 96T ABL2 1 7% [ 30 I V5 I b6 &
ACUTRE B2 P94 P55 1) 38 0 iy 32 3 et (1 20 o 556 e
(B 2-A) AL, & =R % 8 2.00.1.00.0.50.0.25
0.10.0.05F10.01 mg-mL"' ¥ SC5ARUTHL IR AL #E 6 d
(1) ABL2 & ¥ EL1% 5 & /N T3 (& 2-B~HD , HA
Al K AR R EZ ST . WMRSFIR, Uk
752 A, B E N 2 mg - mL" i SC5 AR TR

xR
Control

SC5 AU P 5T &9 B2 KT 0.05 mg - mL ' I, Bl
FHRFFRI R HE0, 0] 26 TP A2 .
2.2 KRIKRE SCSRIFHHEIZRYIXT IR 4B HEIS 70 ABL2
E3 el

S5 RN 3 Fin , & AN [R5 1 SCS AR #2
WAk B 5 1) ABL2 AR W 7 10 B0 71 B A K T 1)
BT R A SdE 2R EIREN
0.01~0.25 mg -mL" (& 3-A . B) SC5 1% #if #l $2 4 kb
S M ABL2 R = 800 1 R AR R, 5
FoAth b PR AR EE , 28 )51 B8R 20N 0.50~2.00 mg - mL!
(E3-AB)SC5 FRUPFH - AL 22 J5 1¥) ABL2 AR 7

& 23 2 ot 8. 2.00.1.00.0.50.0.25.0.10.0.05 F1 0.01 mg-mL" SC5 LA T ABL2 Hitk 6 d IHIEIEA.
The pictures represent the colony morphology of ABL2 strain treated with control, 2.00, 1.00, 0.50, 0.25, 0.10, 0.05 and 0.01 mg-mL"' SC5 meta-

bolic crude extract for 6 days.

El2 ARERE SC5 KBRS ABL2 EiEE KHIHIHIZER

Fig. 2 The inhibitory effect of different concentrations of SCS metabolic crude extracts on the growth of ABL2 colonies
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Table S Different time and concentration of SCS metabolic crude extract on ABL2 colony growth inhibition rate %

i 1] Time/d

/(mg-mL")

prme 2 4 6 8 10

2.00 90.42+1.51 a 86.67+1.04 b 81.30+1.58 ¢ 77.67+1.21d 74.92+0.98 ¢
1.00 83.56+2.88 a 78.01+1.22 b 72.66+£2.51 ¢ 70.78+1.22d 69.82+0.98 d
0.50 59.98+8.61 a 4796+3.16 b 38.08+3.45 ¢ 35.77+£1.60 ¢ 34.77+£1.81 ¢
0.25 28.21+8.65 a 28.05+4.07 a 31.21£3.92 a 30.27+0.96 a 31.6342.17 a
0.10 55.76+£6.98 a 43.78+2.62 b 33.20+6.87 ¢ 33.86+£1.04 ¢ 34.15£1.92 ¢
0.05 4.07+£3.55d 8.15+2.96 d 17.37£9.16 ¢ 23.08+1.53 b 38.89+1.80 a
0.01 9.54+£5.61 a 8.09+4.30 a 4.16£2.17b 6.62+2.27 ab 6.04+2.46 ab

EAF/NG ERERIR ABL2 22 SCS AREPHHAR P AR FEAS [ I 1] i B0 ) 22 57 83 (p<<0.05).
Note: Different small letters indicate that the pathogenicity of ABL2 was significantly different at different times after treatment with SC5 metabol-

ic crude extract at p<<0.05.
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